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INTRODUCTION

Status of
Stocks off the
Pacific Coast

This report provides a species-
by-species description of the sta-
tus of living marine resources off
the Pacific Coast of the United
States as assessed in 1991. The
descriptions are for resources
that are primarily under the re-
search and management jurisdic-
tion of the National Marine
Fisheries Service (NMFS), Na-
tional Oceanic and Atmospheric
Administration, U.S. Depart-
ment of Commerce. This NMFS
Technical Memorandum has been
compiled from reports written by
scientists at the three NMFS Sci-
ence and Research Centers lo-
cated on the Pacific Coast. It is
one of a series of regional reports
on the status of living marine re-
sources throughout the United
States.

The resources are grouped
under four major headings:
groundfish resources, pelagic re-
sources, Pacific salmon, and ma-
rine mammals. There are other
regional resources of commercial
and recreational importance that
are not included in this report;
these are mostly inshore marine
resources under the jurisdiction
of the Pacific Coast States of
Washington, Oregon, and Califor-
nia.

National Marine
Fisheries Service
Science Centers

The Alaska Fisheries Science
Center and the Northwest Fisher-
ies Science Center located in Se-

attle, Washington, and the South-
west Fisheries Science Center lo-
cated in La Jolla, California, have
overlapping responsibility for re-
search in the Federal waters and
rivers of the west coast of the
United States.

The region is bounded in the
north by the Canadian border and
the south by the Mexican border.
The range encompasses cold tem-
perate waters to the north and
warm subtropical waters to the

south and open waters toward the

Hawaiian Islands.
The region supports important

commercial fisheries for Pacific

salmon, Pacific halibut, Pacific
whiting, anchovy, sablefish,
flounders, and rockfishes. The
region also supports important
tuna fisheries and popular sport
fisheries for Pacific salmon, Pa-
cific halibut, steelhead trout, and
billfishes. It is home to and an
important migratory area for a
wide array of marine mammal
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Pacific Coast Groundfish Resources

Species Recent Average

Current Long-term Status of

Yield (t) Potential Potential - Utilization

(1988-90) Yield (t) Yield (t)
Pacific whiting 177,381 228,000 226,000 full
Dover sole 18,413 22,500 16,300 near full
Other rockfish E-M-C 8,273 unknown unknown unknown
Other rockfish V-C 5,671 4,500 unknown unknown
Widow rockfish 11,947 7,000 8,300 full
Sablefish 11,279 8,900 8,700 full
Other fish 6,300 unknown unknown unknown
Thornyheads ' 5,752 7,900 unknown unknown
Yellowtail v-C 4,903 4,300 4,200 full
Lingcod 2,887 7,000 7,000 unknown
Pacific cod 2,595 3,200 unknown unknown
Bocaccio C-M-E 1,750 800 2,400 over
English sole 2,321 1,900 4,500 full
Canary rockfish 2,227 2,900 3,500 full
Petrale sole 2,157 3,200 3,200 unknown
Pacific ocean perch 1,090 0 2,500 over
Shortbelly rockfish 0 13,000 29,000 under
Jack mackerel 0 52,500 12,000 under
Total-whiting 87,520 154,200 131,800
Total with whiting 264,901 382,200 357,800

Pacific Coast Pelagic Resources

Species Recent Average Current - Long=term Status of

Yield (t) Potential Potential Utilization

(1981-90) Yield (t) vield (t)
Northern anchovy 128,000 " 166,000 219,000 moderate
Jack mackerel 14,200 52,600 100,000 " under

Pacific Coast Salmon Resources Off Washington, Oregon, and California
(in thousands of fish)

Current
Potential
Yield

Long-term
Potential
Yield

Status of
Utilization

Species Recent Average
Yield
(1988-90)
Pink 3,496
Coho 2,693
Chinook : 2,274
Sockeye 1,788
Chum 1,017

Introduction




140° 150° 160° 170°E 180° 170° W 160° 150° 140° 130° 120° 110° - .
GH*N - —ﬁ — 1 65°N
. ALASKE .| |
5 I |
7 | % i
52 \ | |
80° -y — 80°
| ‘ c;_zv g Eastern Guilf of ‘ !
! o,@ Donut Bering . Alaska |
i B hol A d
| Q-e/éN‘e Dok . il \ |
a3 ‘ ~ w ! T —
N A/ / . /vgié)c‘ - - 7
IR Faet 2 \ ’ 0
‘ N =.,vvlvi’" 7 ‘
500 s Alsutian Regio® | 500
7 T . ;
N ! |
I
gt " il —
pl " \ Pacific
Coast
PlA| C I Fil1)]C- C|C|E AN l |
40° . ! i 40°
P i A
’ |
|
30° - - : "z ” : - 30°
o I e Al 4 » } “
H | !
: I 4‘ / . s !
I : .
L ® . N . |
20° | ‘ | i i [— ; 20-
— —— E— I ] I ! I o i L
140° 150° 160° 170°E 180° 170° W 160° 150° 140° 130° 120° 110°

Map llustrates the range of distribution of marine resources native to California, Oregon,

species (e.g., gray whale, Califor-
nia sea lion, killer whale, and har-
bor porpoise.).

The mission of the NMFS Sci-
ence Centers is to plan, develop,
and manage scientific research
programs designed to generate
the best scientific data available
for the better understanding and
management of the region’s re-
sources and the environmental
quality essential for their exis-
tence.

The Centers provide scientific
data and technical advice to their
constituents for better utilization
and management of the Nation's
living marine resources. Their
primary constituents are the Pa-
cific, North Pacific, and Western
Pacific Fishery Management
Councils; NMFS headquarters
and regional offices; state and
federal agencies; U.S. commis-
sioners of international commis-

sions; the fishing and fish process-
ing industry; and the general pub-
lic.

Pacific Coast

Groundfish
-Resources

Pacific Coast groundfish con-
stitute a diverse group of fish spe-
cies harvested in the U.S.
Exclusive Economic Zone (EEZ)
off Washington, Oregon, and Cal-
ifornia. This group of 83 species
is managed by a federal fishery
management plan (FMP), the Pa-
cific Coast groundfish FMP,
through auspices of the Pacific
Fishery Management Council.

Most of the groundfish are har-
vested by trawl gear. The total
catch in 1989 was about 300,000
metric tons (t). The recreational
catch was about 7,000 t, primar-
ily rockfish. The ex-vessel value

and Washington.

of the 1989 commercial catch was
$21.6 million for the Pacific whit-
ing joint venture fishery, and
$67.5 million for shoreside deliv-
eries of all species, for a total of
$89 million. Comparable valua-
tions for the recreational fishery
are not available.

Most major species of west
coast groundfish are fully uti-
lized. Stock assessments gener-
ally indicate that the surplus
biomass has been removed from
most of the long-lived stocks (e.g.,
sablefish, Dover sole, several
rockfish species). The current po-
tential yield is similar to long-
term potential yield (LTPY).
Pacific whiting is also fully uti-
lized, and its potential yield expe-
riences the greatest degree of
natural variability. Stocks of Pa-
cific ocean perch and bocaccio
need to be rebuilt following deple-
tion by foreign fishing and a series
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of weak year classes. Two species
are underutilized: shortbelly
rockfish and jack mackerel. Both
are midwater fish and have rela-
tively large biomasses, but a mar-
ket has not yet developed for
either species.

The recent average yield (RAY)
of Pacific whiting is 177,000 t, 10
times greater than the RAY of any
other species. Dover sole, widow
rockfish, and sablefish are a sec-
ond tier grouping with landings of
11,000-18,000 t per year. In
1990, thornyheads (two species of
deepwater rockfish) moved into
this second tier with landings of
10,000 t. The third tier grouping,
with annual landings of 1000-
5,000 t, contains several species.
The major rockfish species in this
third tier are yellowtail rockfish,
canary rockfish, and Pacific
ocean perch in the Vancouver-Co-
lumbia areas (approximately
Washington-Oregon), and bocac-
cio in the areas off California.
Other rockfish species contribute
13,900 t per year to the commer-
cial catch and the recreational
catch of all rockfish species is

~ ¢ fixed gear-trawl allocation of sa-

e

5,000 t per year. The flatfish spe-
cies in this third tier are English
sole and petrale sole. In addition
a large fraction of the category
“other fish” is now composed of
arrowtooth flounder harvested
primarily off northern Washing-
ton. Finally, lingcod and Pacific
cod contribute 2,600 t and 2,900
t, respectively.

A precise stock assessment is
only available for Pacific whiting.
Assessments for other species will
not be much improved until quan-
titative survey methods can be ap-
plied throughout their range. An
expanded effort to monitor all
fishery takes is also necessary.
Chief management problems are
excess harvesting capacity and al-
location among users. Both man-
agement problems are
exacerbated by the complex
multispecies nature of the fishery.

A difficult management prob-
lem which generates a high level
of public involvement is alloca-
tion of the available catch. The
Council faces U.S.-Canada alloca-
tion of Pacific whiting, onshore-
offshore allocation of whiting,

blefish, and recreational-com-

- mercial competition for some

rockfish. Technical analysis of
these issues generally rests on an
economic analysis that rarely has
adequate information on all sec-
tors of the fishing industry. For
some of these problems, the con-
cept of individual transferable
shares has been identified as a

potential long-term solution.

Probably the most severe prob-
lem facing managers of the Pa-
cific Coast groundfish fishery is
control of the excess harvesting
capacity. Today, this problem is
manifested as increasingly severe
trip limits that cause frustration
for fishermen, managers, en-
forcement agents, and biologists.
Tomorrow, the problem could be
unexpected stock declines caused
by unmonitored discard. A li-
cense limitation program, which
would be a first step towards alle-
viating this problem, is under con-.
sideration.

Pelagic Resources

The two major pelagic re-
sources that occur in commercial
guantities off the Pacific Coast
are northern anchovy and mack-
erels. They both occur primarily
off California.

Northern anchovy has been ex-
ploited by fisheries in both Cali-
fornia and Mexico. In the United
States, the fisheries have been
managed by the Pacific Fishery
Management Council since 1978.
Current regulations impose no
numeric limit on live bait catch.
and provide a 7,000 t quota for
other nonreduction uses. The
regulations also specify optimum
yield for the reduction fishery as

1) zero when the spawning bio-
mass is less than or equal to a
cutoff level of 350,000 t, and 2)

7

Introduction



the difference between the
spawning biomass and the cutoff,
up to a limit of 200,000 t, when
the spawning biomass is greater
than 300,000 t. The biological ra-
tionale for the 300,000 t threshold
in the optimum yield formula for
reduction fishing is to prevent de-
pletion of the resource and to pro-
vide an adequate forage reserve
for marine fish, mammals, and
birds. Although total anchovy
harvests and exploitation rates
since 1983 have been less than
both the theoretical level for max-
imum sustained yield and histor-
ical levels prior to 1983,
abundance continues to decline
slowly. In the absence of a bilat-
eral agreement with Mexico, fish-
ery managers in the United
States assume that U.S. fisher-
men are entitled to 70% of the
total optimal yield and set quotas
on this basis.

The jack mackerel is similar to
several other species of
Trachurus (horse mackerel)
which occur in temperate eastern
boundary currents worldwide.
The southern California segment
of the stock has been fished since
the late 1940s. The fishery is con-
tinuing at a low level. Jack mack-
erel and Pacific mackerel
(Scomber japonicus, elsewhere
known as chub mackerel) are not
distinguished on landings re-
ceipts and are considered to be
commercially equivalent. The
southern California fishery is not
presently managed under. the
Magnuson Fishery Conservation
and Management Act (MFCMA),
and there is no limit on allowable
catch.

The large adults, which occur
offshore, are sometimes taken in-
cidentally in trawls. An annual
incidental catch of 12,000 t (north
of 39°N latitude) has been set. In
1991 there was increased interest

by foreign, joint venture, and do-
mestic industries, and the accept-
able biological catch (ABC) was
raised to allow development of
such a fishery. The fishery failed
to materialize, but signs of inter-
est continue. Stock size is
thought to be 1.5 million t, and
potential yield is unknown.

Salmon Resources

There are five species of Pacific
salmon native to Washington, Or-
egon, and California: sockeye,
chinook, pink, chum, and coho
salmon. Salmon are anadromous
species--they spawn in freshwa-
ter, migrate and rear in the open
ocean, and return to their home
stream or lake to repeat the life
cycle.

The Pacific salmon fishery con-
tributes significantly to the food
supply, economy, and recrea-
tional fishing industry all along
the Pacific Coast. It has always
been an integral part of the cul-
ture and heritage of the Pacific
Northwest. Although most of the
salmon are caught in commercial
and native fisheries, a significant

portion are caught by recreational
fishermen.

The combined commercial-.
landings in recent years of all spe-
cies had an annual ex-vessel value
of about $140 million. It is much
more difficult to place a value on
the recreational fishery since
there is not a consensus on how to
do this precisely. Some sport-
caught salmon have been valued
as high as $295 per fish. Never-
theless, it is obvious that the aver-
age recreational catch for the past
3 years of 1.2 million salmon
would be worth many millions of
dollars annually.

The summary table on Pacific
salmon includes production data
of both hatchery and natural
spawners. Although the yield for
each species will vary annually;,
pink, chum, and sockeye salmon
are not expected to deviate much
from recent year averages. For
all five species, there is excess
fishing capacity, and severe limi-
tations on fishing are required to
protect the stocks. For this rea-
son, all species are listed as over-
utilized.
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Management of the Pacific
Coast salmon resources is rather
complex with a number of agen-
cies being involved. Since Pacific
salmon migrate long distances in
the ocean across geo-political
boundaries they are affected by
management concerns of the
U.S.-Canada Pacific Salmon
Commission (PSC), the state fish-
ery agencies, Indian management
entities, and the Pacific Fishery
Management Council (PFMC)

Sockeye, Pink, and Chum
Salmon

These species are not managed
under a federal fishery manage-
ment plan. Overall management
of these three species rests pri-
marily with the Pacific Salmon
Commission and state and tribal
fishery agencies.

The U.S. stocks of pink, sock-
eye, and chum salmon appear to
be fairly stable, fluctuating in
abundance in response to variable
annual survival rates. Some U.S.
catches of sockeye and pinks are
dependent on stocks originating
in the Fraser River of Canada.
The number of these fish that
U.S. fishermen can harvest is lim-
ited under terms of the U.S.-Can-
ada Salmon Treaty signed in 1985
covering the salmon fisheries
from Southeast Alaska to north-
em Oregon.

One sockeye stock of concern is
the sockeye run from the Snake
River. In April 1991, this stock
was recommended for listing as
endangered under the Endan-
gered Species Act (ESA). In 1988,
there were 4 adults and 2 redds
reported in the spawning escape-
ment; in 1989, | adult, 1 redd, and
a second potential redd; and in
1990, no adults or redds were
identified. The depressed condi-
tion of this stock is almost cer-

tainly due to the destruction of
the freshwater habitat and the
construction of several dams on
the Columbia and Snake Rivers.
These increased hazards and
changes in the freshwater habitat
have caused the virtual demise of
these fish. It will take a tremen-
dous effort to restore this
resource.

Chinook and Coho Salmon

These species are managed by a
Federal fishery management plan
through auspices of the Pacific
Fishery Management Council.
The management is complicated
with Judge Boldt’s ruling in the
early 1970s that Treaty Indians
are entitled to up to 50% of the
catch of salmon runs returning
through the Indian’s “usual and
accustomed” fishing areas. With
Indian fisheries occurring in in-
land rivers and Puget Sound as
well as in the ocean, designing
fishing seasons that properly
achieve treaty rights and still
achieve adequate escapements
has been very difficult and has
resulted in a significant shift of
catch from the ocean fisheries off
Washington to inland fisheries.
Currently, management of
catches is achieved primarily via
catch quota allocations to various
user groups.

One major change to the land-
ings was the change from natural
production to hatchery produc-
tion. Whereas the early landings
were entirely from natural
spawning stocks, in recent years,
a large share of the production
has been from hatchery fish. This
is particularly true for coho
salmon. Although hatchery fish
can be used to supplement natu-
ral production, they also may
compete with or even replace nat-
ural spawners. Thus, there is

some concern about the relation-
ship between natural and hatch-
ery fish.

A petition was received in June
1990 to list lower Columbia River
natural coho as endangered, and
this stock has been declared ex-
tinct. In view of the large produc-
tion of who from hatcheries on
the Columbia River, the manage-
ment of Columbia River coho
salmon has been directed toward
harvesting these hatchery fish to
prevent wasting large numbers of
coho returning in excess of hatch-
ery needs. Petitions for listing as
endangered under the ESA also
were received in June 1990 for
spring, summer, and fall chinook
from the Snake River. In 1990,
the Sacramento winter-run
chinook was listed as threatened.
If a species is listed as endan-
gered, it could have very severe
ramifications not only to salmon
management, but also to other in-
dustries.

Many other chinook stocks are
also depressed with declining es-
capement and/or failure to meet
escapement goals. Some exam-
ples are Shasta River chinook,
Klamath River chinook,
spring/summer chinook above
Bonneville Dam, spring/summer
chinook above Lower Granite
Dam, and Snake River fall
chinook. For all the upper Colum-
bia River salmon stocks, the
changes in the freshwater envi-
ronment have had a devastating
effect on their survival. The large
number of dams that have been
built is one very visible factor.
Dams that are passable to salmon
still take their toll on returning
adults and, of course, there are
dams that are completely impass-
able that have eliminated large
spawning areas. Also, conditions
at dams cause significant losses of
downstream migrating young
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salmon through delayed migra-
tions and mortality from passing
through the turbines. The lack of
adequate water for fish passage
has been a problem. Here again,
elimination of some of these dev-
astating factors and improve-
ment of the freshwater habitat
are needed if these stocks are to
be restored.

Marine Mammal
Resources

Information on selected marine
mammal populations off Wash-
ington, Oregon, and California is
presented. Forty-two species of
marine mammals in U.S. waters
of the North Pacific Ocean are
under the jurisdiction of the De-
partment of Commerce. This in-
cludes 31 species of whales,
dolphins and porpoises, and 11
species of seals and sea lions. Six
species are unique to Alaska, one
species, the Hawaiian monk seal,
is unique to Hawaii.

Fourteen of the most com-
monly observed species are nor-
mally found close to shore, such as
the California gray whale and
California sea lion. The other
species usually remain in offshore
waters, on remote islands, or are
rare in number and seldom seen.
Most marine mammal species
make long-distance migrations or
move hundreds of miles within
smaller areas of the ocean be-
tween seasons of the year. These
movements, especially by whales
and dolphins, are for traveling
from one feeding ground to an-
other or to spend the breeding
season in lower latitudes and the
major feeding and calf-rearing
seasons in higher latitudes.

There are several populations
of marine mammals that spend
the majority of the year in Califor-
nia; offshore waters of Washing-

ton and Oregon are generally
transition areas for animals mov-
ing between the southern breed-
ing grounds and rich feeding
grounds of Alaska. A few species
are found year-round in Washing-
ton and Oregon, such as the har-
bor porpoise and Pacific harbor
seal; but this is also true for these
species in California and Alaska.
These unique zoogeographic dif-
ferences have led to unique life
history strategies and result in
the need to manage several popu-
lations or stocks per species.
Management of marine mam-
mals is carried out under the Ma-
rine Mammal Protection Act
(MMPA) of 1972 and the Endan-
gered Species Act (ESA) of 1973.
Both Acts require that manage-
ment of marine mammals be
based on the identification and
enumeration of populations or
Stocks.

Two species, the vaquita or
Gulf of California harbor porpoise
and the Guadalupe fur seal, are
not endemic to the United States
(although a few male Guadalupe
fur seals do occasionally show up
in California). The vaquita is in-
cluded because of its rarity and
the active conservation efforts

carried out by the U.S. and Mexi-
can governments.

A summary of the status of the
stocks, impact of incidental take,
and description of individual
stocks are presented.

Glossary of Terms

Population: An interbreeding
group of living marine organ-
isms, such as a species in a geo-
graphical area.

Stock: A portion of the popula-
tion that is reasonably well
mixed and is geographically
distinct in terms of fishery and
management.

Year class: Fish of the same
stock born in the same year.
Occasionally a stock produces a
very small or large year class.
The strengths of these year
classes are followed closely be-
cause they can be pivotal in de-
termining the stock abundance
over a period of years.

Recruitment: The amount of
fish, in numbers or weight, that
reach a certain size or age in a
specific year. This term is also
used in referring to the number
or weight of fish from a year
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class reaching a certain age.
For example, all fish reaching
their second year would be age-
2 recruits. This is often used to
describe the strength of a year
class.

Absolute abundance: A mea-
sure of the actual size of a stock.
It may be expressed in weight
(biomass) or numbers of indi-
vidual animals.

Relative abundance: An index
of stock abundance, measured
commonly by catch per unit ef-
fort (CPUE). The index as-
sumes that the amount of catch
per unit of fishing effort is di-
rectly proportional to abun-
dance of the stock.

Sustainable yield: The num-
ber or weight of fish in a stock
that can be removed from the
stock without reducing the
stock’s biomass from one year
to the next, assuming that en-
vironmental conditions remain
the same.

Long-term potential yield
(LTPY) : The maximum long-
term average yield (catch) from
the resource. It is similar to
maximum sustainable yield
(MSY).

Current potential yield
(CPY): The current catch that
may be obtained from the
resource. It is similar to accept-
able biological catch (ABC)
which measures the biological
production potential of the
stock.

F&cent average yield (RAY):
The current average catch. It
includes catch landings and dis-
cards.

Mortality rate: The rate at
which fish die from natural
‘causes or through fishing
Mortality rates can be de-
scribed in several ways. The
easiest--total annual mortality
rate--defines the fraction of the

fish within a group that die dur-
ing the year. These rates are
difficult to use mathematically
when describing the relative
contribution of different types
of natural or fishing mortality
to the total mortality of fish
during a year.

Instantaneous mortality
rate: To overcome the limita-
tion of annual rates, fisheries
biologists use instantaneous
rates to describe mortality. An
instantaneous mortality rate is
the fraction of the population of
fish that dies in a very short
(instantaneous) period of time.
There is a relatively simple
mathematical conversion be-
tween instantaneous rates and
annual rates. For example, the
total instantaneous mortality
rate, often denoted by Z, is
equivalent to the annual rate A
according to the formula;
A=1-¢%

Natural mortality rate (M)
is the mortality due to natural
causes. It is very difficult to
estimate, and values are often
assumed based on the general
life history of a particular spe-
cies.

Fishing mortality rate (F) is
the mortality due to fishing.
Total mortality rate (2) is
the combined effect of all
sources of mortality acting on a
fish population.

Thus Z=M+F.

Fishing mortality rate: The
part of the total mortality rate
applying to a fish population
that is casual by man’'s har-
vesting. Fishing mortality is
usually expressed as an instan-
taneous rate, ranging from zero
for no fishing to very high val-
ues such as 2.0.

There are specific rates of F
that measure how close a stock
is to full exploitation. They are

defined in terms of an increase
in yield from a year class over
its life span as fishing mortality
increases.. When no fish are
taken, there is no yield from the
year class. As fishing in-
cresses, the yield increases, but
at a decreasing rate.
Fmax 1S the point at which the
increased yield for additional
effort is zero; that is, additional
fishing mortality will not in-
crease yield, but in fact, may
decrease it as fish are caught
before they are fully grown.
Fax IS @ point at which the
increase in yield for increased
effort is 10% of what it was
when fishing mortality was
very low.
Fmsy IS the rate of fishing mor-
tality when maximum sustain-
able yield for the stock is
achieved.

Exploitation rate: The propor-
tion of a population at the be-
ginning of a given-time period
that is caught during that time
period (usually expressed as a
yearly percentage).

Catch quota: A portion of a
total allowable catch (TAC) al-
located to an operating unit,
such as a size class of vessels or
a country.

Total allowable catch (TAO
The total regulated catch from
a stock in a given time period,
usually a year.

Virtual population analysis
(or cohort analysis): A
mathematical analysis of the
abundance of a given year class
(or cohort of fish).over its life in
the fishery.

Yield Per Recruit Analysis: A
calculation of the theoretical
yield that would be obtained
from a recruit if it is harvested
according to a certain exploita-
tion pattern over the life span
of the fish.

Introduction



1. PACIFIC WHITING

Pacific whiting (Merluccius
productus), also known as Pacific
hake, is a migratory gadoid dis-
tributed along the west coast of
North America from Baja Califor-
nia to Queen Charlotte Sound.
Adult Pacific whiting migrate
north in spring and summer to
feed along the continental shelf
and slope from northern Califor-
nia to Vancouver Island. Larger
fish tend to migrate farther north.
In autumn, Pacific whiting mi-
grate south to spawning areas
from Point’ Conception to Baja
California. The peak spawning
months are January and Febru-
ary. Spawning occurs as much as
400 km offshore. Recruitment is
extremely variable for this spe-
cies: strong year classes are about
two orders of magnitude larger
than the weak year classes. Years
with cold water temperatures in
the winter months tend to have
low mean recruitment, while
warm years have higher though
more variable recruitment.

al

Asymptotic length is 56.3 cm
for males and 61.2 cm for females.
Annual variations in growth have
been detected and appear to be
related to changes in water tem-
perature and the size of the adult
biomass. Most Pacific whiting
are infected with a myxosporean
parasite that releases enzymes
after the death of the fish, result-
ing in a rapid breakdown of the
muscle tissue. Important items
in the diet of Pacific whiting in-

Catch (1,000 metric tons)

Pacific Whiting

Pacific Coast

Blomass (1,000 metric tons)
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clude euphausiids, shrimp, sand
lance, eulachon, and herring. Sig-
nificant predators on Pacific
whiting juveniles include
rockfishes, sablefish, and sooty
shearwaters. The adults are
preyed on by California sea lions;
northern fur seals, and northern
sea lions.

The midwater trawl fishery for
Pacific whiting, operating in both
U.S. and Canadian waters, tar-
gets on dense feeding aggrega-
tions of fish that occur along the
shelf break from April to Novem-
ber. Trawling typically takes
place only during the daylight
hours because the aggregations
disperse at night as the fish rise to
the surface to feed on eu-
phausiids. The total catch of Pa-
cific whiting in 1990 was 257,000
t, a decline of 17% from the record
catch of 308,000 t in 1989. In
1990, disagreement over the allo-
cation of the annual yield between
the United States and Canada re-
sulted in the total catch exceeding
the ABC. Annual mean catches
over the period 1980-90 were
178,000 t. The mean catch for
1988-90 was 272,000,153% of the

Groundfish Resources

9




PACI FI C WHI TI NG
Paci fic Coast
COWERCI AL CATCH (1,000 t)

United States Canada TOTAL

Foreign Joint Domestic

Venture
1980 44.0 27.5 0.8 17.6 89.9
1581 70.4 43.6 0.8 24.4 139.1
1982 7.1 67.5 1.0 32.2 107.7
1983 0.0 72.1 1.1 40.8 113.9
1984 14.7 78.9 2.7 42.1 138.4
1985 49.9 31.7 3.9 25.0 110.4
1986 69.9 81.6 3.5 55.7 210.6
1987 49.7 106.0 4.8 73.7 234.1
1988 18.0 135.8 6.9 90.5 251.2
1989 0.0 203.6 7.4 97.8 308.8
1990 0.0 171.0 12.8 73.3 257.1
1980- 90 average. The fishing methods, while the demersal com-

morality rate on age 2+ fish was
0.15 in 1989 and 0.14 in 1990.
The higher catches of recent years
reflect the increasing interest in
Pacific whiting by Soviet, Polish,
and Japanese processors as their
access to Alaska groundfish re-
sources is curtailed. During
1980-90, the annual U.S. catch
was 72% of the total U.S.-Canada
catch of Pacific whiting, while
during 1988-90, the average U.S.
catch was 68% of the total.

The coastal population of Pa-
cific whiting has been surveyed
every 3 years since 1977. The
midwater component of the stock
is surveyed using hydroacoustic

ponent is surveyed by the multi-
species west coast triennial trawl
surveys. The two conponents are
assumed to be additive. The
demersal component varies be-
tween 6 and 23% of the total bio-
mass. The total biomass
measured by the survey in 1989
was 1,637,000 t, a decline of 24%
from the biomass measured in
1986.

Pacific whiting are assessed
using the stock-synthesis model,
a separable catch-age analysis
that uses survey estimates of bio-
mass and age composition as aux-
iliarv information. Projected
spawning biomass for the start of

1990 was 873,000 t, a 12% decline
from 1989. Spawning biomass
and yield are expected to decline
gradually as the large 1980 and
1984 year classes move out of the
fishery. The 1985 and 1986 year
classes are believed to be weak,
while the 1987 year class, which
will support the U.S. fishery for
the next several years, appears to
be of moderate size.

This chapter was written by
Martin Dorn.

For further information

Dorn, M. W., and R. D. Methot.
1990. Status of the Pacific whi t -
ing resource in 1989 and recom-
mendations for management in
1990. U.S. Dep. Commer., NOAA
Tech. Memo. NMFS F/NWC-182,
84 P.

Dorn, M. W., R. D. Methot, E.
P. Nunnallee, and M. E. Wilkins.
1990. Status of the coastal Pa-
cific whiting resource in 1990. In
Pacific Fishery Management
Council, Status of the Pacific
Coast groundfi sh fishery through
1990 and recommended accept-
able biological catches in 1991,
Appendix volume 1, p. Al-A77.
Pacific Fishery Management
Council, Metro Center, Suite 420,
2000 SW First Ave., Portland, OR

97201.

PACI FI C WH TI NG
Paci fic Coast

Management

Average catch (1980-90)

Long-term potential yield (MSY)
Acceptable biological catch (1990)
Importance of recreational fishery

Status of exploitation
Age at 50% recruitment
Length at 50% maturity
Assessment approach
Fishing strategy

F (1990)

~ ¥ nmnmnan

4.4 years (males
Unknown (males)
Age-structured, s
Variable F

. 0.14

178,000 t

226,000 t

253,000 t

Minor

Groundfish FMP

Fully exploited

4.1 years (females)

38 cm (females)
eparable analysis
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2. SABLEFISH
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Sablefish (Anoplopoma fim-
bria) occurs from Baja California
to the Asiatic coast of the Bering
Sea. Along the west coast of the
United States, they occur over a
wide range of depths. Early juve-
nile sablefish are neustonic and
age-0 fish may school in midwa-
ter. By age 1.5, sablefish are pri-
marily demersal and typically
found on the continental shelf in
water depths less than 200 m.
Adults are found on the outer
shelf and continental slope, espe-
cially within and near submarine

canyons and gullies. The oldest
and largest individuals may be
found at abyssal depths. Tagging
studies indicate that many sable-
fish exhibit little alongshore
movement, but some may move
thousands of miles. Sablefish
spawn from November to April,

with peak spawning activity oc-
curring in January and February.
Sablefish are fast growing as juve-
niles, reaching a length of 38 cm
by age 1.5 years. Female sable-

fish mature at a length of approx-
imately 57 cm (age 5). Mature
adults grow little and exhibit
great variation in size at age. Sa-
blefish may attain ages of 50+

SABLEFI SH
Paci fic Coast
COWMMERCI AL CATCH (t)

YEAR Line Pot Tirawl TOTAL
1980 1,661 3,548 3,940 9,149
1981 2,084 3,789 5,681 11,554
1982 1,805 6,419 10,373 18,593
1983 1,338 5,667 7,515 14,521
1984 1,173 3,925 8,975 14,076
1985 2,866 3,799 7,631 14,297
1986 3,792 2,289 7,099 13,179
1987 4,196 1,990 7,577 12,763
1988 3,206 2,055 5,582 10,843
1989 2,514 1,995 5,746 10,254
1990 2,233 1,657 5,137 9,028

Groundfish Resources
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years and reach sizes of over 100
cm. Adult sablefish eat eu-
phausiids, tunicates, and fish.
Sablefish have a long history of
harvest by three major gear types:
longline, pot, and bottom trawl.
The longline fishery began off
Washington and Oregon in the
early 1900s and landings. in this
area quickly rose to about 1,700 t
per year. This longline fishery ex-
tended into California beginning
in the mid- 1920s. The trawl fish-
ery also began in the early 1900s
but did not approach the magni-

tude of the longline landings until
the 1940s. The feasibility of sa-

blefish harvest by pot gear was
demonstrated during the early

1970s, and a major pot fishery.

developed by 1974. During the
period 1956-70, the mean annual
catch in the Columbia and Van-
couver International North Pa-
cific Fisheries Commission

(INPFC) areas was 1,190 t by this mean harvest level in 1971,

longline and 470 t by trawl; the
mean annual catch in the Eureka,
Monterey, and Conception
INPFC areas was 430 t by long-
line and 750 t by trawl for the
same period. In stock assess-
ments, the sablefish population is
assumed to be in equilibrium with

prior to the surge in catch during
the mid-1970s. In 1990 the total
sablefish landed catch was 5,137
t by trawl and 3,891 t by nontrawl
(pot and line gear) for a total
value of $9.47 million.

The commercial fishery for sa-
blefish is regulated by the Pacific

Management

Status of exploitation
Age at 50% recruitment
Length at 50% maturity

Assessment approach

Fishing strategy
F (1990)

SABLEFI SH
Paci fic Coast
Average catch (1980-90) = 12,600 t
Long-term potential yield (MSY) = 6,900 t
Acceptable biological catch (1990) = 8,900 t
Importance of recreational fishery = Minor

Groundfish FMP
Fully exploited

5 years (males)

5 years (females)
51 cm (males)

55 cm (females)
Size and age
structured analysis
constant, F = 0.14
0.13

Fishery Management Council. In
recent years, the harvest of sable-
fish has been constrained by an
annual quota and an allocation
between trawl and nontrawl gear.
In addition, there is a minimum
size of 52 cm fork length and an
11.43 cm minimum mesh size in
bottom trawls. Pot and longline
gear target on sablefish and much
of their catch is frozen and ex-
ported. In 1991, the major non-
trawl season began on 1 April and
extended only through 23 May.
Trawlers catch sablefish along
with other groundfish species,
and year-round availability of
fresh fish is one objective of the
Council's groundfish fishery
management plan (FMP). Trip
limits have been implemented for
sablefish and several other, spe-
cies in an attempt to distribute
the landed catch throughout the
year. Unmonitored discard
caused by these trip regulations is
a growing concern.

12
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Three types of surveys contrib-
ute to the assessment of west
coast sablefish. A standardized
pot survey has been conducted bi-
ennially since 1979 in the north-
ern areas (Columbia and
Vancouver INPFC areas) and
since 1984 in the southern areas
(Eureka, Monterey, and Concep-
tion INPFC areas). This survey
indicates declining density of sa-
blefish, especially larger fish in
the northern area. Trawl surveys
on the continental shelf (30-200
fathoms) have been conducted
triennially beginning in 1977 and
have extended from at least as far

south as Monterey Bay, Califor-
nia, to at least as far north as the
U.S.-Canada border. These are
indicators of abundance for age
I-2 sablefish. Trawl surveys on
the continental slope (100-700
fathoms) were conducted in the
southern Columbia INPFC area
in 1984, 1988, and 1989 and in the
Eureka INPFC area in 1990.
These indicate a sablefish bio-
mass in the Columbia-Vancouver
INPFC area of about 67,000 t.
The assessment of sablefish
utilizes the above three surveys
and the size and age composition
of the commercial landings since

Catch {1,000 metric tons)

‘Sablefish

Columbia and Vancouver

Blomass (1,000 metric tons)
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1986. These data are integrated
in a size-and age-structured sep-
arable assessment model termed
stock synthesis. In the 1990 as-
sessment, the northern area (Co-
lumbia and Vancouver INPFC
areas) was assessed indepen-
dently of the southern area be-
cause of the lower growth rate
observed in the south and the low
rate of mixing within the stock.
Generally the model indicates
that the stock has been fished
down to near its target level, so
that the expected spawn produc-
tion per recruit is near 35% of that
in the unfished stock. Uncer-
tainty in this stock-assessment is
related to poor tracking of the de-
cline in large fish, as well as con-
flicting results from trawl (which
suggest that the population is
aging but the biomass is high) and
pot surveys (which indicate that
biomass is declining).

This chapter was written by
Richard D. Methot.

For further information

Parks, N. B., and F. R. Shaw.
1990. Changes in relative abun-
dance and size composition of sa-
blefish in coastal waters of
Washington and Oregon, 1979-
89. U.S. Dep. Commer., NOAA
Tech. Memo. NMFS F/NWC-188,
38p.

Methot, R. D., and J. High-
tower. 1990. Assessment of the
west coast sablefish stock in 1990
and recommendations to man-
agement in 1991. In Pacific Fish-
ery Management Council, Status
of the Pacific Coast groundfish
fishery through 1990 and recom-
mended acceptable biological
catches in 1991, Appendix volume
1, p. BI-B67. Pacific Fishery
Management Council, Metro
Center, Suite 420, 2000 SW First
Ave., Portland, OR 97201.
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3. PACIFIC COD

P acific acific cod (Gadus macroceph-
alus) is a demersal gadid similar
to Atlantic cod in appearance and
life history characteristics. Pa-
cific cod are distributed in t he
North Pacific Ocean from central
California to the Bering Sea and
south along t he Asiatic coast to
Japan. Pacific cod are most abun-
dant on the continental shelf be-
tween 50 and 200 m The
abundance of the coastal stock de-
clines rapidly south of the U.S.-
Canada boundary. Spawning of
Pacific cod off the west coast of
the United States has not been
documented, though a small in-
shore stock regularly spawns off
Port Townsend, Washington, in
northern Puget Sound. Spawn-
ing occurs in February-March at
Amphirite Bank off west Vancou-
ver Island. The diet of Pacific cod
consists of small fish (primarily
sand lance and herring) as well as
a wide variety of invertebrates
(including euphausiids, shrimps,
crabs, and squid).

Pacific cod are at the southern
limit of their range off the west
coast of the United States. Popu-
| ations in this area have faster
growth rates, mature at a youn-
ger age, and have higher natural
mortality rates than the more
abundant northern stocks. As-
ymptotic size is approximately 74
cm, and the natural mortality

rate lies in the range 0.55-0.63.
The stock in this area is more
prone to, recruitnent failure than
the northern stocks of Pacific cod,
suggesting that the environmen-
tal conditions necessary for suc-
cessful spawning and larval
success occur infrequently in this
area. Water temperature ap-
pears to play a critical role in de-

PACI FIC COD
Pacific Coast
CATCH (1,000 t)

- S ey S i - —

1980 1
1981 1
1982 o
1983 0
1984 0
1985 0.
1986 o
1987 2
1988 3
1989 2
1990 1

PN WWWwWbdbOhOOVWW

Management
Status of exploitation
Age at 50% recruitment

Length at 50% maturity
Assessment approach

Fishing strategy
F (1990)

PACI FI C COD

Paci fic Coast
Average catch (1980-90) = 1,302 t
Long-term potential yield (MSY) = Unknown
Acceptable biological catch (1990) = 3,100 t
Importance of Recreational fishery = Minor

Groundfish FMP
Fully exploited?
2.5 years (males)
2.3 years (females)
50 cm (males)

53 cm (females)
Abundance trend
Not available
Unknown
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termining recruitment success.
Tagging studies indicate the exis-
tence of migratory exchange be-
tween stocks in U.S. waters and
the stock occurring off the west
coast of Vancouver Island.

Pacific cod are captured pri-
marily by commercial bottom
trawls. Commercial-sized aggre-
gations of Pacific cod are found on
the spawning grounds in winter
and in feeding areas in summer.
The fishery in U.S. waters is pri-
marily conducted in summer,
with about 75% of the catch
landed from April to September.
The fishery for cod is opportunis-
tic, because aggregations of Pa-
cific cod occur sporadically in U.S .
waters. Lingcod and Pacific cod
often occur together in the catch.
The recreational fishery is cur-
rently small relative to the com-
mercial fishery. The annual
ex-vessel value of Pacific cod
landings has averaged $1.28 mil-
lion from 1988 to 1990.

Results of the triennial west
coast trawl survey indicate that
Pacific cod biomass in U.S. waters
was high in 1977, declined steeply
in 1980, and remained relatively
stable until 1989. The bulk of the
large catches from 1987 to 1989
in U.S. waters was composed of

Catch (1,000 metric tons)
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an exceptionally strong 1985 year
class that was also present in the
west Vancouver Island and Hec-
ate Strait Pacific cod stocks. The
current ABC of 3,100 t was set
slightly lower than the maximum
annual catch in recent years--
3,300 t landed in 1988. The man-
agement strategy of allowing a
high fishing mortality rate when
Pacific cod are present in com-
mercial quantities in U.S. waters
is justified by the high natural
mortality rate, the rapid growth
rate, and the extreme variability

of recruitment of Pacific cod in
this area.

This chapter was written by
Martin Dorn.

For further information

Westrheim, S. J., and J. V. Tag-
art. 1984. Bathymetric distribu-
tion of Pacific cod (Gadus
macrocephalus) off British Co-
lumbia and Washington State.
Int. North Pac. Fish. Comm. Bull.
42:189-199.

Pacific Fishery Management
Council. 1990. Status of the Pa-
cific coast groundfish fishery
through 1990 and recommended
acceptable biological catches for
1991: Stock assessment and fish-
ery evaluation. Pacific Fishery
Management Council, Metro
Center, Suite 420, 2000 SW First
Ave., Portland, OR 97201.

Tyler, A. V. and R. P Foucher.
1990. Pacific cod. In A. V. Tyler
and J. Fargo (editors). Ground-
fish stock assessments for the
west coast of Canada in 1989 and
recommended yield options for
1990, p. 59-93. Can Tech. Rep.
Fish Aquat. Sci. 1732.
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4. LINGCOD

e

Lingcod (Ophiodon elongatus)
is a demersal greenling species
found in nearshore waters off the
west coast of North America from
Baja California to the Alaska Pen-
insula. Their center of abun-
dance is off British Columbia and
they are uncommon south of
southern California. Lingcod are
found over a wide range of sub-
strates at depths from 3 to 400 m,
but most occur in rocky areas
from 10 to 100 m. Canadian tag-
ging studies have shown that
adult lingcod exhibit strong
home-site fidelity; however, indi-
vidual fish do make long move-
ments of as much as 690 km.
Adult lingcod are piscivorous,
feeding on rockfish (genus
Sebastes), Pacific whiting, and
Pacific herring. Average age for
maturity of female lingcod is 4
years or a length of 68 cm and age
2 or a length of 50 cm for males.
In U.S. landings, lingcod range in
length from 40 to 80 cm and in
weight from 0.5 to 6.0 kg. The
species has a maximum reported

length of 150 cm and maximum
reported weight of 154 Kkg.
Lingcod have a unique form of
reproduction, which involves ter-
ritoriality, nests, and a guardian
male. Males establish territories
in rocky areas in shallow water
(low tide line to 30 m) where cur-
rents are strong enough to oxy-
genate the egg mass and prevent
death of the embryos. Peak
spawning occurs in January and
February. A female chooses a
male and its nesting site for
spawning. In the nest, the eggs
are cemented to each other within
a gelatinous mass. After spawn-
ing, the male remains to guard
the nest from predation until
hatching is complete. The guard-
ian male is very aggressive during
this period and is therefore highly
susceptible to sport fishing. An
unguarded egg mass is invariably
eaten by predators. The eggs
hatch about 7 weeks after they
are spawned. The larvae and ju-
veniles are pelagic until the end of

June when the juveniles migrate
to benthic habitats.

Commercial lingcod landings
from U.S. waters have averaged
2,700 t since 1970, at which time
there was a rapid increase from a
previous level of around 1,000 t.
This increase was the result of
market demand. Since 1970,
landings have had wide fluctua-
tions, probably due to strong and
weak year classes moving
through the fishery. Commercial
landings come predominantly
from trawls, averaging 83% of the
total landings from 1981 to 1990.
However, the nontrawl fishery
(70% hook and line in recent
years) has increased from 13% of
the total landings in 1981 to 21%
in 1990. Lingcod landings are
largest in Washington and are
progressively smaller in Oregon
and California. Canadian land-
ings are similar in size to U.S.
landings, averaging 2,800 t dur-
ing the period from 1980 to 1985.
The commercial fishery is man-
aged with an ABC of 7,000 t.
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There are also restrictions on
where gill nets may be used. More
extensive restrictions are cur-
rently under consideration. The
recreational catch is a large com-
ponent of the total lingcod catch,
averaging 1,219 t or 30% of the
combined commercial and recre-
ational lingcod catch during the
years 1981-89. This is one of the
few west coast groundfish species
with a significant recreational
fishery. The recreational fishery
is managed with a three wash-
ington and Oregon) to five (Cali-
fornia) fish bag limit -and
California imposes an additional
56 ¢cm (22 in) minimum size limit.

There is no coastwide lingcod
monitoring program to obtain
‘length-frequency or age-struc-
tured data, and therefore no mor-
tality estimates exist on which to
base an assessment. While there
are areas where lingcod are lo-
cally depleted (severely in some
instances, such as Puget Sound),
there is no evidence of overfishing
on the overall population.

This chapter was written by
Peter B. Adams.

For further information

Adams, P. B. 1986. Status of
lingcod (Ophiodon elongatus)
stocks off the coast of Washing-
ton, Oregon, and California. Ap-
pendix F in Status of the Pacific
coast groundfish fishery through
1986 and recommended accept-
able biological catches for 1987:
Pacific Fishery Management
Council, Metro Center, Suite 420,
2000 SW First Ave., Portland, OR
97201.

Cass, A. J., R. J. Beamish, and
G. A. McFarlane. 1990. Lingcod
(Ophiodon elongatus). Can.
Spec. Publ. Fish. Aquat. Sci. 109,
40 p.
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PACIFIC LINGCOD
Pacific Coast
COMMERCIAL AND RECREATIONAL CATCHES (t)

Management
Status of exploitation

Length at 50% maturity

Assessment approach
Fishing strategy

F (1990)

Year Commerc131 Recreational Total
1981 3,320 1,410 4,730
1982 3,205 1,442 4,647
1983 3,351 768 4,119
1984 3,179 735 3,914
1985 2,752 1,225 3,977
1986 1,884 1,152 3,036
1987 2,585 1,341 3,926
1988 2,636 1,596 4,231
1989 3,447 1,300 4,747
1990 2,896 - -
Average commercial catch (1980-90) =2,917 t
Long term potential yield (MsSY) = Unknown
Acceptable biological catch (1990) = 7,000 t

Importance of recreational flshery =

Length at S0% recruitment

30% of catch
Groundfish FMP
Unknown

Unknown

68 cm (females)
50 cm (males)
Catch landings
Fy¢ = unknown

Not available

Miller, D. J., and J. J. Geibel.
1973. Summary of blue rockfish
and lingcod life histories; a reef
ecology study; and giant kelp,

Macrocystis pyrifera, experi-
ments in Monterey. Bay, Califor-
nia. Calif. Dep. Fish Game, Fish
Bull. 158, 137 p.
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5. PACIFIC OCEAN PERCH

Pacific ocean perch (Sebastes
alutus) is a member of the family
Scorpaenidae and is one of over
65 species in the genus Sebastes,
commonly referred to as rockfish.
Distribution along the North
American coast ranges from La
Jolla, California, to the western
boundary of the Aleutian Archi-
pelago and along the continental
slope of the eastern Bering Sea.
Two major stocks of Pacific ocean
perch have been identified along
the west coast of the United
States. One stock inhabits the

mercial fishery at about age 5 and
are fully recruited by age 10, cor-
responding with fork lengths of
about 26 cm and 32 cm, respec-
tively. The bulk of the commer-

large factory stern trawlers as
their primary method for harvest-

ing Pacific ocean perch. These
vessels generally operated inde-
pendently by processing and

cial catch is comprised of freezing their own catch, and the

individuals ranging from 25 to 50
cm. Females are viviparous, re-
taining eggs in the ovary after
fertilization until yolk sac absorp-
tion. Mating takes place in late
fall or early winter, with subse-
quent larval extrusion occurring
in late winter or early spring.

use of support vessels (e.g., refrig-
erated transports, oil tankers,
supply ships) permitted the-large
stem trawlers to operate at sea
for extended periods of time.
Peak removals by all nations com-
bined amounted to 16,358 t from
the Vancouver INPFC area in
1966 and 23,976 t from the

Vancouver INPFC area and
the other stock occupies the
Columbia INPFC area. Both
stocks are managed by the
PFMC.

A demersal species, Pacific
ocean perch are usually asso-
ciated with cobble, gravel,
rocky, or boulder-type sub-
strates found in and along gul-

Columbia INPFC area one
year later in 1967.
Immediately following
these peak removals, produc-
tion declined very rapidly.
Apparently, these stocks were
far too limited to sustain the
large removals during the
mid-1960s. By 1969, the Pa-
cific ocean perch stocks were

lies, canyons, and submarine
depressions of the outer continen-
tal shelf and upper slope regions.
Substrate and bottom topogra-
phy, however, are not the only
factors determining Pacific ocean
perch distribution; food, water
temperature, state of maturity,
oxygen content of the water, and
other hydrographic factors also
influence its occurrence. Al-
though Pacific ocean perch can be
found at depths ranging from 50
to 700 m, commercial quantities
generally occur between 100 and
400 m.

Pacific ocean perch are slow
growing and long lived. Longev-
ity has been estimated at 90 years,
which is consistent with an esti-
mated instantaneous natural
mortality rate of 0.05. This spe-
cies begins to recruit to the com-

Prior to 1965, the Pacific ocean
perch resource in the Vancouver
and Columbia INPFC areas were
harvested almost entirely by Ca-
nadian and U.S. vessels. Gener-
ally under 200 gross tons and less
than 33 m in length, these vessels
had very little at-sea processing
capabilities. These characteris-
tics restricted, for the most part,
the distance from home ports the
vessels could fish and limited the
size of their landings. Landings
from 1956 to 1964 averaged 2,018
t and 1,980 tin the Vancouver and
Columbia INPFC areas, respec-
tively.

Catches increased dramatically
after 1964 with the introduction
of large distant-water fishing
fleets from the Soviet Union and
Japan. Both nations employed

severely depleted throughout
the Oregon to Vancouver Island
region. Harvests within the past
10 years (1980-89) have averaged
about 1,060 t and 975 t in the
Vancouver and Columbia INPFC
areas, respectively. Catches since
1979, however, have been re-
stricted by the PFMC in an at-
tempt to rebuild the resource.
The two major stocks of Pacific
ocean perch have been assessed
periodically since the intense
pulse of exploitation during 1966-
68 by the foreign fleets. Biomass
estimates have been calculated by
dividing landings by estimated
exploitation rates. Based on this
approach, the mean exploitable
biomass in the Vancouver INPFC
area during 1966-68 was esti-
mated at about 34,000 t. Follow-
ing the years of heavy fishing,
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catch per unit of effort (CPUE)
for the Washington-based fleet in
the Vancouver INPFC area
dropped to 55% of the 1966-68
levels, indicating a decrease in
biomass to 18,700 t during 1969-
71. Catch rates declined further
during 1972-74, lowering the es-
timated mean biomass during
this period to 16,700 t. The mean
weighted CPUE rose slightly in
the period from 1975 to 1977,
raising the biomass estimate to
17,800t. In the Columbia INPFC
area, mean biomass estimates de-
clined from 23,000 t during 1966-
68 to 7,300 t during 1969-72 and
4,300 t during 1973-74. An area-
swept extrapolation from com-
mercial CPUE data in the
Columbia INPFC area resulted in
a biomass estimate of between
8,000 and 9,600 t in 1977.
Research surveys have been
used to provide ‘fishery indepen-
dent assessments of the abun-
dance, distribution, and biological
characteristics of Pacific ocean
perch. Coastwide trawl surveys
were conducted in 1977, 1980,
1983, 1986, and 1989 with the
objective of defining the distribu-
tion and measuring the abun-
dance of the major groundfish
species taken in bottom trawls.

In addition, trawl surveys di-
rected specifically at assessing
the Pacific ocean perch resource
were conducted in 1979 and 1985.
The resulting estimates of bio-
mass, however, were usually
characterized by large variances.
Such large variances were proba-
bly due to the highly contagious
distribution of this resource. And
other factors such as inadequate
sampling, inappropriate sam-
pling gear, and fish behavior may
have also contributed to the wide
confidence intervals about the
point estimates.

A rebuilding program was

ing the fishery. Research sur-
veys, however, which generally
capture younger fish, did indicate
evidence of incoming strong year
classes. Although this signal is
encouraging, significant rebuild-
ing has yet to occur.
Baaed on stock-reduction anal-
ysis (SRA), an analytical ap-
proach, long-term potential yield
has been estimated at about 3,000
t for both stocks combined. But
because no significant rebuilding
has occurred, the ABC has been
set to zero in both the Vancouver
and Columbia INPFC areas in an
effort to promote rebuilding at

established for Pacific ocean the maximum rate. The PFMC,

perch in 1981 following depletion
of the resource during the 1960s
and early 1970s. In an 1987 as-
ement of the program, trawl
survey information and a variety
of analytic models were used to
evaluate the current and future
condition of the resource. The re-
sults of the assessment indicated
that the Pacific ocean perch
stocks were still at depressed lev-
el s of abundance and that stock
recovery would likely be avery

sl ow process. A more recent re-
view ofcommercial fishery length
data did not indicate any signifi-
cantly strong year classes enter-

however, recognizes that inciden-
tal catches of Pacific ocean perch
occur in other directed fisher&.
Hence, trip limits have been set to
allow a purely incidental fishery.

This chapter was written by
Daniel H. Ito.

For further information

Ito, D. H., D. K. Kimura, and M.
E. Wilkins. 1987. Status and fu-
ture prospects for the Pacific

ocean perch resource in waters off
Washington and Oregon as as-
sessed in 1986. U.S. Dep. Com-
mer., NOAA Tech. Memo. NMFS
F/INWC-113, 50 p.

PACI FI C OCEAN PERCH
Paci fic Coast
COWMERCI AL CATCH (t)

—=== AREA -=----
Vancouver Columbia
1980 835 1,535
1981 790 1,102
1982 830 623
1983 1,147 1,397
1984 886 1,028
1985 1,039 891
1986 1,835 766
1987 1,289 610
1988 927 701
1989 1,008 1,104

Management
Status of exploitation

Length at 50% maturity
Assessment approach

Fishing strategy
F(1990)

PACI FI C OCEAN PERCH
Paci fic Coast
Average catch (1980-89) = 2,034 t
Long-term potential yield (MSY) = 3,000 t
(Vancouver-Columbia area)
Acceptable biological catch (1990) = Zero
Importance of recreational fishery = None

Length at 50% recruitment

Groundfish FMP
Over-exploited
32-34 cm

32.2 cm (Females)
29.4 cm (Males)
Stock reduction
analysis

F =M

< 0.10
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6. SHORTBELLY ROCKFISH

The shortbelly rockfish
(Sebastes jordani) is a viviparous,
semidemersal species reaching a
maximum length of 30-32 ¢cm and
a maximum weight of 350 g.
Shortbelly rockfish get their
name from the fact that, unlike
other rockfish species, their anal
vent is located well forward of
their anal fin. Shortbelly rockfish
become sexually mature between
2 and 3 years of age. The maxi-
mum recorded age for shortbelly
rockfish is 24 years, but fish older
than 18 years are uncommon.
This species has been found from
San Benito Island, Baja Califor-
nia to La Perouse Bank, British
Columbia. The highest concen-
tration is thought to be between
Santa Cruz, California, and
Bodega Bay, California, with an-
other secondary concentration in
California’s Channel Islands
area.” Shortbelly rockfish have
been found in depths up to 283 m,
with the majority between 90 and
165 m Euphausiids constitute
99% of their diet.

Large schools of shortbelly
rockfish are typically found near
the edge of the continental shelf
over sand substrates. The size of
the schools is highly variable but
can be several kilometers in diam-
eter and quite dense. There is
evidence that shortbelly rockfish
schools are segregated by age or
size, with larger and older fish
often found in somewhat deeper
water than younger and smaller
ones. Research trawls typically
have shown that few other species
are mixed in with shortbelly rock-
fish schools.

Spawning occurs from Novem-
ber through May with peak

spawning from January through
late March. Females 17-30 ¢cm in
length would be expected to re-
lease from 6,000 to 50,000 larvae.
Juveniles are pelagic for approxi-
mately 6 months. Juvenile
shortbelly rockfish are a major
part of the diet of chinook salmon
and many species of seabirds.

At present there is no directed
commercial or sport fishery for
this species due to their small size.
However, shortbelly rockfish
have a strong potential for devel-
oping into a commercial fishery
due to their high abundance in
some areas of the California
coast. The current estimated bio-
mass between Santa Cruz and
Bodega Bay is approximately
200,000 t. The PFMC has
adopted an interim coastwide
ABC of 13,000 t until further
studies are conducted to deter-
mine the true MSY for this spe-
cies. Both the Soviet Union and
Japan have recently expressed an
interest in harvesting shortbelly
rockfish, possibly as a joint ven-
ture operation.

This chapter was written by
Donald E. Pearson.

For further information

Chess, J. R., S. E. Smith, and P.
C. Fischer. 1988. Trophic rela-
tionships of the shortbelly rock-
fish, Sebastes jordani, off central
California. CalCOFI. Rep.
24:129-136.

Lenarz, W. H. 1980. Shortbelly
Rockfish, Sebastes jordani: A
large unfished resource in waters
off California. Mar. Fish. Rev.
42(3-4):34-40.

Pacific Fishery Management
Council. 1991. Status of the Pa-
cific coast groundfish fishery.
through 1990 and recommended
acceptable biological catches for
1991: Stock assessment and fish-
ery evaluation. Pacific Fishery
Management Council, Metro
Center, Suite 420, 2000 SW First
Ave., Portland, OR 97201.

Pearson, D. E., J. E. Hightower,
and J. T. H. Chan. 1991. Age,
growth, and potential yield for
shortbelly rockfish Sebastes
jordani. Fish. Bull., U.S. 89:403-
4009.

SHORTBELLY ROCKFISH
Pacific Coast

fishery
Management
Status of exploitation

Length at 50% maturity
Assessment approach

Fishing strategy (F =
F (1990)

Average catch (1980-90)
| Long-term potential yield (MSY)

Acceptable biological catch (1991)
Importance of recreational

Length at 50% recruitment

M)

4t
13,431
23,504 t
13,000 t

wo unin

t

None

Groundfish FMP
Unexploited

20 cm (Females)
20 cm (Males)

16 cm (Females)
16 cm (Males)
Yield per recruit -
0.20-0.35

pt .
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/. WIDOW ROCKFISH

The widow rockfish (Sebastes
entomelas) is a viviparous, semi-
pelagic species. Adults reach a
maximum length of 56-60 cm and
a maximum weight of 2.5 kg. Av-
erage length in commercial land-
ings isbetween 45 and 48 cm with
average weights of 1.25-1.5 kg.
Male and female widow rockfish
grow at different- rates, with
males typically smaller at age
than females. In recent years, the
average length has been declining
in commercial landings. Widow
rockfish mature sexually at age 5.
The maximum recorded age for
this species is 59 years.

Widow rockfish inhabit depths
up to 320 m but are fished com-
mercially at depths of 90-180 m.
Adults typically associate with
areas having moderate relief near
the edge of the continental shelf.
At night they form dense, midwa-
ter schools which disperse at
dawn. This species is distributed
from Todos Santos Bay, Baja Cal-
ifornia, to Kodiak Island, Alaska.
The major concentration of
widow rockfish is found between

northern California and British
Columbia. Fish in the north grow
faster and reach a greater length
than those in the south. Widow
rockfish feed primarily on eu-
phausiids, sergestids, salps,
myctophids, and a variety of small
fish.

Spawning occurs between No-
vember and April with peak

spawning in February. A 46-cm

female will release approximately
130,000 larvae, while a 55-cm fe-
male will release approximately
1.1 million larvae. The juveniles
are pelagic for several. months
and then settle to the bottom.
Recreational landings are in-
significant compared. to total
commercial landings or recrea-
tional landingsof other rockfish
species. The majority of widow

Widow Rockfish

Pacific Coast

Blomass {1,000 metrlc_tons)

Catch (1,000 melric tons)
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250 \

[
{200 |
4150 |

1100

I cateh

) - ' .
83 84 85
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W DOW ROCKFI SH

Paci fic Coast

RECREATI ONAL AND
COWERCI AL CATCH (t)

YEAR Rec Comm
1980 0 20,390
1981 22 27,691
1982 186 26,513
1983 64 10,211
1984 80 9,671
1985 54 8,856
1986 61 9,329
1987 22 12,190
1988 34 9,958
1989 42 12,006

rockfmh are caught by commer-
cial vessels using midwater trawl
gear. Landings were small prior
to 1978 when fishermen first
began to use sonar and midwater
trawl gear to make large catches
at night. With the development of
markets for fresh fillets, landings
increased from less than 1,200 t
in 1978 to more than 27,000 t in
1981 (the year with the highest
landings). During that time,
widow rockfish went from a rela-
tively insignificant species in west
coast groundfish landings to
being the single most important
rockfish species in Washington,
Oregon, and California. The

10,200 t. Between 1983 and
1989, average landings were
10,300 t due in large part to the
regulations imposed by the
PFMC.

Stock assessments for widow
rockfish have been based on
stock-synthesis modeling and co-
hort analysis using catch-at-age
data obtained from port sam-
pling. Analysis of age composi-
tion has shown that annual
recruitment rates to the popula-
tion are highly variable. Strong
year classes occurred in 1970-71,
1977-78, and 1980-81, while the
1972-74, 1976, and 1982-83 year
classes were relatively weak. An-
nual biomass estimates consis-
tently declined from 1979 to
1990, and older fish have grad-
ually disappeared from the land-
ings. ‘However, the lack of a
reliable survey estimate of abun-
dance has made it difficult to es-
timate the absolute abundance of
the stock. Based on available
data and the current approach to
management, abundance should
stabilize at about the current
level, with the long-term average
yield about equal to the ABC for
1991 (7,000 t).

This chapter was written by
Donald E. Pearson and Joseph E.

PFMC implemented regulations Hightower.

to protect the stock in 1982. In
1983, landings were reduced to

For further information

Boehlert, G. W., W. H. Barss,
and P. B. Lambemon. 1982. Fe-
cundity of the widow rockfish,
Sebastes entomdas, off the coast
of Oregon. Fish. Bull., U.S.
80:881-884.

Gunderson, D. R. 1984. The
great widow rockfish hunt of
1980-1982. N. Am. J. Fish.
Manag. 4:465-468.

Hightower, J. E., and W. H.
Lenarz. 1990. Status of the
widow rockfish fishery in 1990.
Appendix F in Status of the Pa-
cific coast groundfish fishery
through 1990 and recommended
acceptable biological catches for
1991. Pacific Fishery Manage-
ment Council, Metro Center,
Suite 420, 2000 SW First Ave.,
Portland, OR 97201.

Lenarz, W. H. and, D. R.
Gunderson (editors). 1987.
Widow Rockfish. In Proceedings
of a workshop, December 11-12,
1980, Tiburon, CA. U.S. Dep.
Commer., NOAA Tech. Rep.
NMFS 48,57 p.

Wyllie Echeverria, T. 1987.
Thirty-four species of California
rockfishes: Maturity and season-
ality of reproduction.. Fish. Bull.,
U.S. 85:229-250.

W DOW ROCKFI SH

Management
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1990)

Length at 50% recruitment

Paci fic Coast
Average commercial catch (1980-89) = 14,682 t
Long-term potential yield (MSY) = 6,000 - 7,600 t
Acceptable biological catch (1991) = 7,000 t
Importance of recreational fishery = Insignificant

35-40
37 cm

Females:
Females:

0.35-0.72

‘ Groundfish FMP
Fully exploited

Stock synthesis, cohort analysis
F35% = 0-21—0.26

35-40 ‘cm
36 cm

Males:
Males:

cm
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8. BOCACCIO

Bocaccio (Sebastes paucispi-
nis) is a substrate-associated vi-
viparous rockfish reaching a
maximum length of 90. cm.
Among rockfish, bocaccio are
noted for their relatively rapid
growth, large adult size, and high
variation in year-class strength.
Some individuals from strong
year classes are landed by the
trawl fishery at age 1, but full
recruitment generally does not
occur until age 2 when bocaccio
are approximately 40 cm in
length. During the past decade,
landings have been dominated by
the 1977 and 1984 year classes.
As a consequence of the high vari-
ability in year-class strength, the
size and age structure of the pop-
ulation fluctuates greatly over
time. In 1986 most fish landed by
the trawl fishery were less than
40 cm in length, while in 1989 the
majority exceeded 50 cm; this
change reflects the growth of the
1984 year class.

Although some female bocaccio
are sexually mature at 36 cm in
length, 50% maturity is reached
at 48 cm (age 4). Because fecun-
dity is relatively low for fish
smaller than 50 cm, fish below
this size contribute relatively lit-
tle to the total reproductive out-
put of the population. A 70-cm
female can produce more than 1
million planktonic larvae. Lar-
vae are released in the December-
May period, except in southern
California where larvae are re-
leased from October to March. In
central California, most larvae
that survive to the juvenile stage
are born in January and Febru-
ary, but months of successful re-
production can shift substantially
from year to year. In southern-

California some females produce
two broods in a season, but this
appears to be less common to the
north. Juveniles remain pelagic
for some time and are most com-
mon within 30 m of the sea sur-
face, but move deeper later in the
spring, settling to substrate in
late May or early June at lengths
of 35-50 mm. Although bocaccio
older than 30 years have occasion-
ally been landed in the United
States, the bulk of the population
is less than 15 years old.

Bocaccio are found from cen-
tral Baja California to Kodiak Is-
land. There appears to be a break
in the distribution near Coos Bay
in southern Oregon. Adult bocac-
cio are found from depths of 27 to
320 m. The bulk of bocaccio
landed by the commercial trawl
fishery are caught at depths of
110-220 m, and younger and
smaller fish are more common in
shallower water.

The principal commercial fish-
ing gear used to catch bocaccio is
the bottom trawl. In 1989 two-

thirds of the total landed catch
was caught by trawls, one-sixth
by set nets, and one-sixth by re-
creational anglers. There is also
a small commercial hook and line
fishery. Bocaccio from the Mexi-
can border to Coos Bay, Oregon,
are managed separately from
other species while bocaccio to
the north are included with “other
rockfish .”  Fishing is managed
under the groundfish FMP of the
PMFC.

Landings of bocaccio were
about 3,000 t annually during the
late 1970s, increased to over
6,000 t by 1980 with the recruit-.
ment of the large 1977 year class,
and have declined to 2,000 t since
1985. The majority of the recrea-
tional catch is split between
southern and northern Califor-
nia, with relatively light catches
in Oregon and Washington. The
trawl fishery is centered near
Monterey, California. Kecrea-
tional survey data, port sampling
data from the commercial fishery,
and data from a triennial trawl

Bocaccio
Pacific Coast
Catch (1,000 metric tons) Blomass (1,000 metric tons)
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"BOCACCIO ROCKFISH
Pacific Coast
RECREATIONAL AND
COMMERCIAL CATCH (t)

YEAR' Rec Comm
1982 1,551 5,107
1983 566 5,362
1984 238 4,357
1985 385 2,177
1986 584 1,963
1987 191 2,188
1988 158 1,716
1989 247 2,081
1990 - 2,050

survey were used to assess the
California-southern Oregon
stock. Both recreational and
trawl survey indices of abundance
indicate a decline in stock bio-
mass over the past decade, due at
least in part to poor recruitment
over this period. The assessment
indicates that biomass declined
from about 75,000 t in 1978 to
between 7,000 and 14,000 t in
1990. Within this region, esti-
mated spawning biomass in 1991
was less than 25% of the average,
unfished level. The recom-
mended yield for all fisheries com-
bined within this region ranged
from 800 to 1,700 t compared to
1989 landings of 1,900 t. Based

on the above information, the
ABC for the California-southern
Oregon region was reduced from
6,100 t to 800 t for the 1991 sea-
son. Landings are controlled by
trip limits applied to the rockfish
assemblage as a whole, and to bo-
caccio individually. Trip limits
were first specifically applied to
bocaccio in 1991.

The recovery of bocaccio south
of Coos Bay, Oregon depends on
the occurrence of one or more
strong year classes. There are
some indications in the recrea-
tional and trawl survey length
composition data that the 1987 or
1988 year classes may be rela-
tively strong, but more data are
required to confirm this. How-
ever, fish in these year classes will
not contribute significantly to the
spawning capacity of the stock
until at least 1992.

This chapter was written by
James R. Bence.

For further information
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Sebastodes paucispinis and com-
parison with other rockfishes off
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Wilkins, M. E. 1980. Size com-
position, age composition, and
growth of chilipepper, Sebastes
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BOCACCIO ROCKFISH
Pacific Coast

Management
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1989)

Average catch (1980-90): U.S. waters
California & S. Oregon
Long-term potential yield (MSY)
California & S.
Acceptable biological catch (1991)
California & S. Oregon
Importance of recreational fishery

Length at 50% recruitment

3,400 t

Oregon 2,400 t

800 t

nwun

0.3

3,900 t

Important in California
Groundfish FMP

Over-exploited in

California and S. Oregon

39 cm (trawl) . ,

48 cm (females); 42 cm (males)
Stock synthesis model

FJS% = 0.12
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9. CANARY ROCKFISH

C anary rockfish (Sebastes
pinniger) is a viviparous,
demersal rockfish. Immature
fish are often found in nearshore
rocky reefs while older, mature
adults inhabit offshore rocky
reefs. Canary rockfish reach a
maximum length of 75-80 cm and
weights up to 7.3 kg. Average
length in commercial landings is
between 50 and 55 cm with aver-
age weights of 1.9-2.5 kg. Male
and female canary rockfish grow
at different rates, with males typ-
ically smaller at age than females.
In recent years, the average
length and age has been declining
in commercial landings. Canary
rockfish are mature at ages 7-9
and have a maximum reported
age of 78 years. Male canary
rockfish tend to have greater lon-
gevity than females, possibly due
to higher natural mortality of
older females. Canary rockfish
inhabit depths up to 275 m but are
fished commercially in depths of
90-180 m. This species is distrib-
uted from Cape Colnett, Baja Cal-
ifornia, to Cape Bartolome,
Alaska. The major concentration

of canary rockfsh is found be-
tween northern Oregon and Brit-
ish Columbia. There is no
apparent difference in length at
age between fish in the north and
those in the south. Canary rock-
fish feed primarily on eu-
phausiids; however, decapods,
squid, herring, and a variety of
other fish and macroplankton are
also consumed.

Spawning occurs between No-
vember and April with peak

Catch (1,000 metric tons)
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spawning from December
through January. A 50-cm fe-
male will release approximately
800,000 larvae while a 60-cm fe-
male will release approximately
1.4 million larvae. The juveniles
are pelagic for several months
and then settle to the bottom.
Recreational landings are be-
tween 3 and 10% of total commer-
cial landings with the majority of
sport-caught canary rockfish
being taken in California. In Cal-
ifornia commercial landings,
most canary rockfish are caught
by longline gear; while in Oregon
(the center of the fishery), the ma-
jority are caught by bottom trawl-
ing. From 1942. through 1947, a
large fishery existed in the Co-
lumbia INPFC area to supply the
military. During this fishery, an
average of 4,248 t per year was
landed. Columbia INPFC area
landings averaged 4,004 t per
year from 1947 through 1966 and
2,326 t per year from 1966
through 1989. Canary rockfish
are regulated as part of the
Sebastes complex under the

Groundfish Resources
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groundfish FMP of the PFMC.
Trip limits are placed on landings
of this complex; however, there
are no specific landing limits for
canary rockfish. In 1982 (the
year with the highest landings
since 1967), canary rockfish con-
stituted 4% of the total west coast
groundfish landings; by 1989,
they constituted only 2%.

Stock assessments for canary
rockfish have been based on
catch-and-age composition data
obtained from port sampling,
NMFS trawl survey data, and log-
book data on commercial trawl
effort. The results suggest that
equilibrium recruitment within

CANARY ROCKFI SH
Paci fic Coast
RECREATI ONAL AND
COWMERCI AL CATCH (t)

YEAR Rec Ccomm
1980 - 3,677
1981 213 2,706
1982 316 5,417
1983 113 4,387
1984 129 2,184
1985 229 2,332
1986 249 2,161
1887 271 2,924
1988 255 2,524
1989 154 2,218

the Columbia INPFC area is 1.25
to 1.75 million age-3 recruits.
That level of recruitment results
in an estimated virgin biomass of
34,000-43,000 t and a biomass in
1989 of 8,000-16,000 t. The esti-
mated female spawning biomass
in 1989 was between 16 and 33%
of virgin levels. The 1991 ABC
for the Vancouver, Columbia, and
Eureka-INPFC areas (2,900 t) is
about 20% greater than the aver-
age landings from 1966 to 1989;
thus, the Sebastes complex trip
limits appear to prevent landings
of canary rockfish from exceeding
desired levels.

This chapter was written by
Donald E. Pearson and Joseph E.
Hightower.

For further information

Boedhlert, G. W., and R. F.
Kappenman. 1980. ‘Variation of
growth with latitude in two spe-
cies of rockfish (Sebastes pinniger
and S. diploproa) from the north-
east Pacific Ocean. Mar. Ecol.
Prog. Series. 3:110.

Golden, J., and C. Wood. 1990.
-Status of the canary rockfish in
the INPFC Vancouver, Columbia,
and Eureka areas and recom-

mended ABC for 1991. Appendix
H in Status of the Pacific Coast
groundfish fishery through 1990
and recommended acceptable bi-
ological catches for 1991. Pacific
Fishery Management Council,
Metro Center, Suite 420, 2000 SW
First Ave., Portland, OR 97201.

Gunderson, D. R., P. Callahan,
and B. Goiney. 1980. Maturation
and fecundity of four species of
Sebastes. Mar. Fish. Rev.
42(1):74-79.

Pearson, D. E., and S. Ralston.
1990. Trends in landings, species
composition, length-frequency
distributions, and sex ratios of 11
rockfish species (genus Sebastes)
from central and northern Cali-
fornia ports (1978-88). U.S. Dep.
Commer., NOAA Tech. Memo.
NOAA-TM-NMFS-SWFC- 145,
65 p.

Phillips, J. B. 1964. Life his-
tory studies on ten species of rock-
fish (genus Sebostodes). Calif.
Dep. Fish and Game Fish Bull.
126:1-70.

Wyllie Echeverria, T. 1987.
Thirty-four species of California
rockfishes: Maturity and season-
ality of reproduction. Fish. Bull.,
U.S. 85:229-250.

CANARY ROCKFISH
Pacific Coast

(Columbia area only)

Management
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1989)

Average commercial catch (1980-89)
Long-term potential yield (MSY)

Acceptable biological catch (1991)

(Vancouver~Columbia-Eureka areas only)
Importance of recreational fishery

Length at 50% recruitment

3,053 t

2,500 t

.Females:
Females:

1,195-1,736 t

= Important in California
= Groundfish FMP

= Fully exploited
50 cm

50 cm
Stock synthesis, yield per recru;t
Fysg = 0.135 to 0.190

0.143 - 0.370

Males:
Males:

41 cm
41 cm
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10.

CHILIPEPPER
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Chilipepper (Sebastes goodei)
is a viviparous, demersal rockfish
that reaches a maximum length
of 59 cm and weighs up to 2.5 Kkg.
The average length in commer-
cial landings is between 40 and 45
cm with average weights of 0.8-
1.1 kg. Male and female
chilipepper rockfish grow at sub-
stantially different rates, with
males typically reaching a maxi-
mum length of about 45 cm (17
in). This difference in length re-
duces the vulnerability of males to
commercial trawl gear; thus, fe-
males comprise between 65 and
80% of the catch. Chilipepper
mature sexually at age 3 (31 and
34 cm for males and females, re-
spectively). The maximum re-
ported age for chilipepper
rockfish is 29 years. Chilipepper
inhabit depths up to 330 m but are
fished commercially at a depth of
about 165 m. This species is dis-
tributed from Magdalena Bay,
Baja California, to Vancouver Is-
land, British Columbia. The

major concentration of
chilipepper is between Point Con-
ception and Bodega Bay, Califor-
nia. Chilipepper feed on
euphausiids, small- squid, lantern
fish, anchovy, and juvenile Pacific
whiting.

Spawning occurs between No-
vember and March with peak
spawning in January. A 40-cm

female will release approximately
70,000 larvae while a 55-cm fe-
male will release approximately
440,000 larvae. The juveniles are
pelagic for several months after
which they become demersal.
Recreational landings are 10-
30% of the commercial landings
and virtually all sport-caught
chilipepper are taken in Califor-

Catch (metric tons)

Chilipepper

Pacific Coast
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nia. In’ California commercial
landings, most chilipepper are
caught by bottom trawl, with
setnet gear and hook and line con-
tributing a small fraction of the
total landings. From 1978 to
1989, chilipepper contributed ap-
proximately 30% to the commer-
cial rockfish landings in the
Monterey INPFC area.
Chilipepper are typically caught
in schools mixed with bocaccio.
Prior to 1985, bocaccio were more
abundant than chilipepper in the
commercial landings south of
Fort Bragg, California; however,
chilipepper have been more abun-

CHILIPEPPER ROCKFISH
Pacific Coast
RECREATIONAL AND
COMMERCIAL CATCH (t)

YEAR Rec comm
1980 - 3,160
1981 272 2,400
1982 369 1,608
1983 160 1,993
1984 146 2,450
1985 362 1,807
1986 386 1,074
1987 203 1,468
1988 415 - 1,694
1989 -308 2,261

dant than bocaccio since that
time. There is some evidence that
the average length in commercial
landings has declined since 1978.
Chilipepper are regulated by the
groundfish FMP of the PFMC.
The most recent stock assess-
ment for chilipepper (in 1986)
was based on catch- and age-com-
position data obtained from port
sampling and NMFS trawl survey
data. Results of that assessment
suggested that age 3+ biomass
was between 25,000 and 50,000 t
in 1978-83. The estimated MSY
ranged from 2,600 to 4,500 t for
the Eureka, Monterey, and Con-
ception INPFC areas. The mid-
point of that range (3,600 t) has
been used since 1986 as the best
available estimate of ABC. Due to
the increasing importance of
chilipepper in the commercial
landings, this species has been
given a high priority for further
assessment research.

This chapter was written by
Donald E. Pearson.

For further information
Henry, F. D. 1986. Status of

the chilipepper (Sebastes goodei)
fishery. Appendix 5 in Status of

the Pacific Coast groundfish fish-

ery through 1986 and recom-
mended acceptable biological
catches for 1987. Pacific Fishery
Management Council, Metro
Center, Suite 420, 2000 SW First
Ave., Portland, OR 97201.

Pacific Fishery Management
Council. 1990. Status of the Pa-
cific coast groundfish fishery
through 1990 and recommended
acceptable biological catches for
1991. Pacific Fishery Manage-
ment Council, Metro Center,
Suite 420, 2000 SW First Ave.,
Portland, OR 97201.

Pearson, D. E., and S. Ralston.
1990. Trends in landings, species
composition, length-frequency
distributions, and sex ratios of 11
rockfish species (genus Sebastes)
from central and northern Cali-
fornia ports (1978-88). U.S. Dep.
Commer., NOAA Tech. Memo.
NMFS-SWFC- 145,65 p.

Phillips, J.B. 1964. Life his-
tory studies on ten species of rock-
fish (genus Sebastodes). Calif.
Dep. Fish Game Fish Bull 126,70

P Wyllie Echeverria, T. 1987.
Thirty-four species of California
rockfishes: Maturity and season-
ality of reproduction. Fish. Bull.,
U.S. 85: 229-250.

CHILIPEPPER ROCKFISH

Management
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1983)

Importance of recreational fishery

Length at 50% recruitment

Pacific Coast
Average commercial catch (1980-89) 1,988 t
Long-term potential yield (MSY) 3,600 t
Acceptable biological catch (1991) 3,600 t

Females:
Females:

0.09 - 0.21

Important in California
Groundfish FMP
Moderately exploited
43-45 cm
34 cm
Catch-at-age analysis
F(usyy = 0.5 - 0.6

Males: unknown
Males: 31 cm
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11. THORNYHEADS

Longspine thornyheads
(Sebastolobus altivelis) and
shortspine thornyheads (S. al-
ascanus) are similar in appear-
ance, have overlapping. habitats,
and are not distinguished in com-
mercial markets although there
are differences in im-
portant biological
characteristics such as
growth and mortality.
Longspine
thornyheads range
from the southern tip
of Baja California,
Mexico to the Aleutian
Islands, while shortsp-
ine thornyheads range
from northern Baja California to
the Bering Sea and the Com-
mander Islands off the Asiatic
mainland. Both species are
demersal and found in relatively
deep water primarily on the con-
tinental slope. Longspine
thornyheads are found off Cali-
fornia, Oregon, and Washington
at depths that range from 300 m
to more than 1,500 m with the
bulk of the population occurring
between 500 and 1,100 m.
Shortspine thornyheads have a
slightly broader depth range and
are found off California, Oregon,
and Washington from about 90 m
to more than 1,500 m with the
bulk of the population occurring
between 300 and 1,100 m. The
upper depth limit for shortspine
thornyheads increases toward the
northern end of its distribution in
Alaska to depths as shallow as 25
m. Large shortspine thornyheads
tend to be found in deeper water
than small shortspine
thornyheads. There is no rela-
tionship between depth and
length for longspine thornyheads.

Longspine thornyheads mature
at smaller sizes and younger ages
than shortspine thornyheads.
Fifty percent of female longspine
thornyheads are sexually mature
at about 19 cm total length (TL)
and 14 years of age while 50% of

]

shortspine thornyheads are ma-
ture at about 21 cm TL and 12-13
years of age.

Both longspine and shortspine
thornyheads spawn buoyant
masses of eggs during the late
winter and early spring that re-
semble bilobate “balloons” that
float to the surface. Juvenile
longspine thornyheads have a pe-
lagic period of about 18 to 20
months and settle out at about
40-60 mm TL. In contrast, juve-
nile shortspine thornyheads settle
in shallower water at smaller
sizes (22-27 mm TL) and have a
shorter pelagic period (about 14-
15 months).

In the context of fishery man-
agement, differences in growth
rate, maximum size, and longev-
ity between longspine and
shortspine thornyheads are most
important. Longspine
thornyheads may live between 40
and 50 years and grow to about 35
cm in length, while shortspine
thornyheads may live well in ex-
cess of 100 years and grow to
about 75 cm.

Thornyhead landings off Wash-
ington, Oregon, and California
have in creased five fold since 1981
in response to developing Japan-
ese export markets, higher ex-
vessels prices, and movement of
the bottom trawl fishery into

: deeper waters. The
bulk of thornyheads
landed each year are
taken off northern

California and Ore-

gon. Shortspine

thornyheads pre-
. dominated in land-
- ings prior to 1990 but

the proportion of

longspine
thornyheads in landings has in-
creased during recent years, ex-
ceeding 50% in 1990. Ex-vessel
prices for thornyheads (adjusted
for inflation and measured in
1989 dollars) rose from $0.17 per
pound in 1981 to $0.40 per pound
in 1990, while revenues (the prod-
uct of ex-vessel prices and land-
ings) from the fishery rose from
$663,000 to $8.85 million.

Thornyhead landings in-
creased as a proportion of total
landings for the deep-water com-
plex (sablefish, Dover sole, and
thornyheads) from about 6% in
1981 to about 17% in 1990. Dur-
ing the same period, thornyhead
revenues increased from about
5% of total revenues for the deep-
water complex to 31%.

Current (1990) coastwide bio-
mass of longspine and shortspine
thornyheads is estimated from re-
search surveys to be between
53,000 and 235,000 t. There is
insufficient information available
to determine if abundance has
changed in recent years. Port

samples indicate that mean
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lengths of longspine thornyheads
taken off northern California
have declined since the early
1980s. Catch-rate data for
thornyheads from logbooks have
proven difficult to interpret pri-
marily because of problems in
separating catch rates for the two
species and changes in the depth
of fishing. Age-composition data
are not available for either
longspine or shortspine
thornyheads.

Acceptable biological catch for
groundfish managed by the
PFMC is based on maintaining
either spawning biomass levels
that are 35% as large as in the
unfinished population or, for stocks
like thornyheads without reliable
estimates of unfinished and current
biomass, an F,4; target fishing
mortality rate. F,3s is the fishing
mortality rate that results in a
level of spawner biomass per re-
cruit that is 35% of that in the
absence of fishing. Current esti-
mates of Fy3s for longspine
thornyhead range from 0.15 to
0.33 per year and 0.02 to 0.05 per
year for shortspine thornyhead.

Processors are currently re-
luctant to buy thornyheads
smaller than 10 inches (25.4 cm)
TL. Under current meshsize reg-
ulations (4.5-inch minimum
meshsize for codends in bottom
trawls), substantial numbers of
longspine thornyheads less than
10 inches TL are taken when fish-
ing mortality rates are in the
range of Fg3s. Shortspine
thornyheads are not subject to
this problem. Recognizing the po-
tential waste from discard of
small longspine thornyheads
under the F, 55 harvest policy,
target fishing mortality rates that
maximize revenue per recruit
(Fmaxg) have been calculated. For
longspine thornyheads, estimates
of Frag (0.06 to 0.07 per year)

are much smaller than estimates
of F, 45 (0.11 to 0.18 per year) and
are similar to estimates of Fy35
for shortspine thornyheads (0.02
to 0.05 per year). In contrast, es-
timates of F,35 (0.021 to 0.050
per year) and Fp,.¢ (0.030 to
0.072 per year) for shortspine
thornyheads are similar.

Current management advice is
that F,35; for shortspine
thornyheads be used to set ABC
levels for the entire thornyhead
market category. The rationale
for this advice is that: 1) separate
ABCs for longspine and shortsp-
ine thornyheads would be im-
possible since fishermen cannot
harvest either longspine or
shortspine thornyheads exclu-
sively, 2) the two species are diffi-
cult to separate in landings, 3)
spawning biomass per recruit for
both species will meet or exceed
the F,3; target levels, and 4) rev-
enue per recruit for both species
will be near maximum values as
long as the 10-inch minimum size
limit continues.

This chapter was written by
Larry D. Jacobson,

For further information

Jacobs&, L. D. 1990.
Thornyheads--Stock assessment
for 1990. Appendix D in Status of
the Pacific coast groundfish fish-
ery through 1990 and recom-
mended acceptable biological
catches for 1991. Pacific Fishery
Management Council, Metro
Center, Suite 420, 2000 SW First
Ave., Portland, OR 97201.

Moser, H. G. 1974. Devel op-
ment and distribution of larvae
and juveniles of Sebastolobus
(Pisces; family Scorpaenidae).
Fish. Bull., U.S. 72:865-884.

Wakefield, W. 1990. Patterns
in the distribution of demersal
fishes on the upper continental
slope off central California with
studies on the role of ontogenetic
vertical migration in particle flux.
Ph.D. Dissertation, Univ. of Cali-
fornia, San Diego.

THORNYHEADS
Paci fi c Coast

Management
Status of exploitation
Assessment approach

Management strategy
F (1990)

Average commercial catch (1981-90):

Shortspine = 2,840 t

Longspine = 1,603 t

Thornyhead market category = 4,444 t

Commercial catch in 1980 = 10,126 t

Long-term potential yield (MSY) = 5,100 -

12,000 t

Acceptable biological catch (1990 = 65,100 t
Importance of recreational fishery = none

Age.at 50% recruitment (bottom trawls):

Shortspine = 19 yrs
Longspine = 16 yrs
Age at 50% maturity (both species) = 13-14 yrs

= Groundfish FMP
= Fully exploited

= Spawning biomass per
recruit and survey
biomass estimates

Foas
=2 0.04
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12. YELLOWAIL ROCKFISH

Yellovvtail rockfish (Sebastes
flauidus) is a viviparous, semi-
pelagic rockfish typically inhabit-
ing offshore rocky reefs.
Yellowtail rockfish reach a maxi-
mum length of 60-65 cm and
weights up to 3.9 kg. Average
lengths in commercial landings
range between 46 and 52 cm with
average weights of 2.4-3.2 kg.
Male and female yellowtail rock-
fish grow at different rates, with
males typically smaller at age
than females. In recent years, the
average length has been declining
in commercial landings. Yellow-
tail rockfish mature sexually at
ages 6-7 years and have a maxi-
mum reported age of 64 years.
Yellowtail rockfish inhabit depths
up to 550 m but are not common
at depths exceeding 190 m. This
species is distributed from San
Diego, California, to Admiralty
Island, Alaska. The major con-
centration ofyellowtail rockfish is
found between northern Oregon

and British Columbia. In the
northern part of their commercial
range, yellowtail rockfish grow
faster, reach a greater maximum
length, and spawn later than
those to the south. Tagging stud-
ies have shown that most yellow-
tail rockfish do not migrate after
reaching -adult size. Yellowtalil
rockfish feed on a wide variety of

Yellowtail
Pacific
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prey including euphausiids, deca-
pods, squid, herring, smelt, and
myctophids.

Spawning occurs between No-
vember and June with peak
spawning from February through
April. A 35-cm female will release
approximately 90,000 larvae
while a 55-cm female will release
approximately 1 million larvae.
Juveniles are pelagic for several
months, settle to the bottom, and
eventually make their way to off-
shore rocky reefs.

Recreational landings are 3-
15% of total commercial landings
with the majority of sport-caught
yellowtail rockfish taken off Cali-
fornia. In commercial landings,
most yellowtail rockfish are
caught by bottom and midwater
trawl nets; however, hook and
line, gill nets, and longline gear
also contribute to the landings.
Commercial landings increased
from about 1,000-2,000 t in the
late 1960s to nearly 10,000 t in
the early 1980s. Since 1982, the
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commercial fishery has been reg-
ulated by the groundfish FMP of
the PFMC. The first regulations
specifically limiting the catch of
yellowtail rockfish were enacted
in 1985. Since that time, addi-
tional; more restrictive regula-
tions have been instituted to
protect the stock, and annual
landings have been about 5,000 t
per year. In 1983, yellowtail rock-
fish constituted 9% of the total
west coast groundfish landings;
in 1989, they constituted only 4%.

Stock assessments for yellow-
tail rockfish have been based on

YELLOATAI L ROCKFI SH
Paci fic Coast
RECREATI ONAL AND
COWMERCI AL CATCH (t)

YEAR Rec Comm
1980 - 8,759
1981 466 9,512
1982 1,217 9,352
1983 572 9,625
1984 392 5,554
1985 440 3,482
1986 297 5,129
1987 . 271 5,246
1988 226 6,261
1989 351 4,217

catch- and age-composition data
obtained from port sampling and
from NMFS trawl surveys. Anal-
yses for three Pacific Coast stocks
suggest that there has been signif-
icant exploitation over the past 15
years with resultant declines in
abundance. Total biomass from
northern California to southwest
Vancouver Island is estimated to
have declined from about 136,000
tin 1967 to about 58,000 t in
1990. Total abundance of two of
the three stocks is estimated to be
below the optimal level. Fishing
mortality rates implemented by
the PFMC for those two areas are
less than recent levels and some
rebuilding is expected over the
next few years.

This chapter was written by
Donald E. Pearson.

For further information

Eldridge, M. B., J. A. Whipple,
M. J. Bowers, B. M. Jarvis, and J.
Gold. 1991. Reproductive per-
formance of yellowtail rockfish,
Sebastes flavidus. Environ. Bio.
Fishes 30:91-102.

Pacific Fishery Management
Council. 1990. Status of the Pa-

cific Coast groundfish fishery
through 1990 and recommended
acceptable biological catches for
1991. Pacific Fishery Manage-
ment Council, Metro Center,
Suite 420, 2000 SW First Ave.,
Portland, OR 97201.

Tagart, J. V. 1990. Population
dynamics of yellowtail rockfish
(Sebastes flavidus) stocks in the
northern California to southwest
Vancouver Island region. Ph.D.
Dissertation, Univ. Washington,
323 p.

Tagart, J. V. 1988. Status of
the yellowtail rockfish stocks in
the International North Pacific
Fishery Commission Vancouver
and Columbia areas. Appendix D
in Status of the Pacific Coast
groundfish fishery through 1988
and recommended acceptable bi-
ological catches for 1990. Pacific
Fishery Management Council,
Metro Center, Suite 420, 2000 SW
First Ave., Portland, OR 97201.

Wyllie Echeverria, T. 1987.
Thirty-four species of California
rockfishes: Maturity and season-
ality of reproduction. Fish. Bull.,
U.S. 85:229-250.

YELLOATAI L ROCKFI SH
Paci fic Coast

Management

Average commercial catch (1980-89)
Long-term potential yield (MSY)

Acceptable biological catch (1991)
Importance of recreational fishery

5,700 t .
6,006-6,823 t~

4,600 t

Important in California
Pacific groundfish FMP

Status of exploitation
Length at 50% recruitment
Length at 50% maturity
Agsessment approach

Fishing strategy ‘
F (1990)

Females:
Females:

0.19 - 0.29

Fully exploited
37-43 cm

39 cm

Stock synthesis, cohort analysis,
yield per recruit

Fiyg = 0.18 - 0.25

37-41 cm
38 cm

Males:
Males:

Does not include California south

of Cape Mendeci no.
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13. OTHER ROCKFISH

There are, in addition to those
already mentioned, at least 50

other species of rockfish (Sebastes

spp.) taken commercially

The majority of rockfish reside

on the continental shelf in water

depths shallower than 100 fath-

planktonic organisms, principally
krill.

Due to the large number of

rockfish species caught in

along the west coast of the
United States (California,
Oregon, and Washington).
Most of the commercial
harvest is taken by bottom
trawls over the continental
shelf. While some of the
larger rockfish species
reach sizes in excess of 90
cm (e.g., cowcod (S. levis),
shortraker (S. borealis),
yelloweye (S. ruberrimus),

the west coast groundfish
fishery, it is not feasible to
perform stock assessments
for individual species.
However, catch data ob-
tained over the last decade
through the Pacific Fishery
Information Network
(PacFIN) show that total
landings of other rockfish
declined from 20,000 t in
1981 to 13,800 t in 1984.

and rougheye (S. al-
eutianus) rockfishes), maximum
lengths of most range between 30
and 60 cm. The genus includes
members that occupy a multitude
of habitats and species that ex-
hibit a great diversity of life his-
tory strategies. Some are solitary
demersal forms, while others
shoal in the open ocean.

One feature held in common by
all rockfish, however, is vivipa-
rous reproduction. In general,
spawning occur months before
fertilization of the eggs. The lar-
vae develop internally and usually
are extruded by the female some-
time between December and
June. The pelagic larval-juvenile
period is quite variable, although
some species are at least 5-6
months old when settlement fi-
nally occur. Reproductive suc-
cess often varies substantially
from year to year, creating large
differences in year-class strength.
It is also commonplace within the
genus for growth to proceed quite
slowly. Many species are known
to reach ages substantially in ex-
cess of 50 years

oms. Many of these species prefer
rocky substrates, although some
of the more abundant species are
found in regions of low relief.
Feeding habits within the genus
are highly variable, ranging from
omnivorous (blue rockfish (S.
mystinus)) to the largely piscivo-
rous diets of the large species.
Small rockfish tend to feed pre-
dominantly on benthic crusta-
ceans, while others feed largely on

This represents a 31% de-
cline in 4 years. It is uncertain
what may have caused the drop.
It may simply have been due to
improved market recognition of
widow, bocaccio, chilipepper, ca-
nary, and yellowtail rockfishes
during the 1981-84 time period.
Since 1985, landings have stead-
ily declined at approximately 2%
per year.

Although no detailed stock as-
sessments have been conducted

Catch (1,000 metric tons)
5

- Other Rockfish

- Pacific Coast
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on these species to date, there is
evidence that they are under sig-
nificant fishing pressure. One re-
cent study examined
length-frequency data from com-
mercial trawl landings of 11 rock-
fish species at central and
northern California ports. Re-
sults showed distinct declining
trends in the mean size of fish
caught, as well as drops in the
10th and 90th length percentiles.
Similar trends were observed in
both males and females of the spe-
cies Moreover, simple popula-
tion models showed that to bring
about length reductions equiva-
lent to those that were observed,
substantial fishing pressure must
have taken place.

These species are currently
managed under the Groundfish
FMP of the PFMC. Based upon
historical levels of catch, the 1991
ABC was set at 14,000 t. In addi-
tion, there is a coastwide Sebastes
complex trip limit of 25,000 Ibs
(11.3 t1.

This chapter was written by
Steven V. Ralston.

For further information

Boehlert, G. W., and J. Yamada
(editors). 1991. Rockfishes of the
genus Sebastes. Their reproduc-
tion and early life history. Env.
Biol. Fish. 30(1-2):7-280.

Eschmeyer, W. N., E. S. Herald,
and H. Hammann. 1983. A

fieldguide to Pacific Coast fishes
of North America from the Gulf
of Alaska to Baja California.
Houghton Mifflin, Boston, 336 p.

Gunderson, D. R., and T. M.
Sample. 1980. Distribution and
abundance of rockfish off Wash-
ington, Oregon, and California
during 1977. Mar. Fish. Rev.
42(3-4):2-16.

Love, M. S., P. Morris, M. Mc-
Crae, and R. Collins. 1990. Life
history aspects of 19 rockfish spe-
cies (Scorpaenidae: Sebastes)
from the Southern California
Bight. NOAA Tech. Rep. NMFS
87, 38 p.

Melteff, B. R. (coordinator).
1987. Proceedings of the Inter-
national Rockfish Symposium,

- = = Anchorage, Alaska, October 20-
OTHER ROCKFISH 22, 1986. Univ. Alaska, Alaska
Pacific Coast Sea Grant Rep. No. 87-2,393 p.
Pearson, D. E., and S. Ralston.
Average commercial catch (1984-90) = 14,247 t 1990.1T§nd3|n”ang“€s,speues
Long-term potential yield (MSY) = Unknown composition,  length-trequency
Acceptable biological catch (1991) = 14,000 t distributions, and sex ratios of 11
Importance of recreational fishery = Major rockfish species (genus Sebastes)
Han:gemefflt o101 = Griundfish FMP from central and northern Cali-
Status of exploitation = Unknown ; _
Length at 50% recruitment = Unknown g)mla portSN(éGZE gli})l’??\/l Dep.
Length at 50% maturity = Females: 15-41 cm ommer., ech. iviemo.
: Males: 16-40 cm NMFS-SWFSC-145,65 p.
Assessment approach = Length trends
Fishing strategy = None
" F (1990) = Unknown
OTHER ROCKFISH
Pacific Coast
COMMERCIAL LANDINGS (t)
Species 1982 1983 1984 1985 1986 1987 1988 1989 1990
Black 106 374 215 100 172 82 181 137 23
Darkblotched 11 407 984 1,351 881 2,212 1,390 866 950
Redstripe 17 411 134 309 206 247 321 329 330
Sharpchin 2 213 77 272 182 186 346 342 142
Silvergrey 2 263 138 299 276 181 216 173 172
Splitnose 2 96 536 703 263 229 206 190 128
Yelloweye 20 177 83 97 76 115 120 160 . 82
Yellowmouth 2 498 453 712 288 = 237 418 334 261
Other 4,135 1,710 1,956 1,742 1,978 1,979 1,341 1,763 958
Unspecified 15,034 15,696 9,228 9,347 10,446 8,999 9,640 9,644 10,598
Total 19,331 19,845 13,803 14,932 14,767 14,468 14,177 13,939 13,643
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14. DOVER SOLE

Dover sole (Microstomus
pacificus) occur from northern
Baja California to the Bering Sea
in waters as deep as 600 fathoms.

Abundance is highest in the 200

to 300 fathom range. Tagging
studies indicate that fish migrate
to deeper water to spawn in win-
ter and return to shallower water
in summer. Superimposed on
this seasonal migration is the ten-
dency for Dover sole to gradually
move to deeper water with age.
Prey consists mainly of burrow-
ing invertebrates.

Females grow faster and attain
larger sizes (maximum size 60-70
cm) than males (maximum size
about 50 cm). Maximum age is
about 50 years. Natural mortal-
ity is estimated at 0.10.

Dover sole are caught commer-
cially chiefly by bottom trawls.
Dover sole, sablefish, and

thornyheads occur in similar hab-
itat and are often caught to-

gether.

about 20,000t from 1982 to 1985,
then declined to 15,700 t in 1990.

The fishery has gradually moved
into deeper water in recent years.

Coastwide catches Catches in the Eureka INPFC
increased from 14,000 tin 1980 to

area have declined from 5,000-
6,000 t to 3,400 t in 1990.
Catches in the Columbia INPFC

Catch (1,000 t)
1

Dover Sole

Columbia and Eureka

Blomass (1,000 t)
50

o N & O @

© [T

Eureka catch
E3 columbla biomass

| Year

40
4130
720

10

© (I

90

7
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[ Columbla catch
B Eureka biomass
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area increased in the early 1980s,
declined in the mid- 1980s and in-
creased to a high of 9,000, t in

DOVER SOLE
Paci fic Coast

COMVERCI AL CATCH

(1,000 t)
Year Cat ch
1980 14.0
1981 16.1
1982 20.0
1983 19.6
1984 19.0
1985 20.3
1986 16.1
1987 18.0
1988 17.7
1989 18.7
1990 15.7

1989. Dover sole landings in
1990 totaled 7,200 t.

Stock assessments have been
conducted for the Columbia and
Eureka INPFC areas only. Esti-
mates of biomass from surveys in
the Columbia INPFC area have
declined from 41,500 tin 1975 to
33,500 t in 1988 and 38,400 t in
1989. A 1990 survey in the Eu-
reka INPFC area estimated bio-
mass at 18,300 t. The ABC in the
Columbia INPFC area was low-
ered in 1990 from 11,500 t to
6,100 t as a result of the 1990
stock assessment. This latest as-
sessment was based on size and
otolith-age data instead of biased
scale-age data used in the previ-
ous assessment. Fisheries in both

the Columbia and Eureka INPFC
areas appear to be fully exploited.

This chapter was written by
Jack Tumock.

For further information

Methot, R., B. Demory, F.
Henry, and J. Tumock. 1990. As-
sessment of west coast Dover sole
in 1990 and recommendations to
management in 1991. In Pacific
Fishery Management Council,
Status of the Pacific Coast
groundfish fishery through 1990
and recommended acceptable bi-
ological catches for 1991. Pacific
Fishery Management Council,
Metro Center, Suite 420, 2000 SW
First Ave., Portland, OR 97201.

DOVER SOLE
Pacific Coast

Columbia INPFC Area

Management
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1990) .-

Eureka INPFC Area

Management .
Status of exploitation

Length at 50% maturity
Assessment approach
Fishing strategy

F (1990)

Average commercial catch (1980-90)
Long-term potential yield (MSY)
Acceptable biological catch
Importance of recreational fishery

Length at 50% recruitment

Average. commercial catch (1980-90)
Long-term potential catch (MSY)
Acceptable biological catch
Importance of recreational fishery

Length at 50% recruitment

Fyg = 0.23
0.11

5,991 t

6,100 t

6,100 t

Minor
Groundfish FMP
= Fully exploited
32 cm (females)
34 cm (females) -
Size-structured,

Groundfish FMP

Fully exploited?
32 cm (females)
34 cm (females)
Size-structured,

F35% = 0-20

0.26
= 5,055t
= 5,400 t
= 8,000 t
= Minor

32 cm (males)
Unknown (males)
separable assessment

32 cm (males)
Unknown -(males)
separable assessment.
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15. ENGLISH SOLE
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A tagging study by the Oregon
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fish including rex sole (Errex
zuchirus), petrale sole, and starry
flounder (Platichthys stellatus).
English sole have a long history of
full exploitation on the west coast.
The landed catch of English sole
is widely distributed, with signifi-
cant landings ranging from Mon-
terey, California, to ports in
northern Puget Sound. The
landed catch consists mostly of
females (about 94% by weight) be-

ENGLI SH SOLE
Paci fic Coast
COVWMVERCI AL CATCH
(1,000 t)
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Yo}
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wn
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cause of the smaller average size
of males. The average annual
catch during 1980-90 was 2,334 t.
Catches declined steeply from
1980 to 1984, and have been fairly
stable since 1984 at approxi-
mately 2,000 t annually. This an-
nual yield is considerably less
than the 3,738 t average annual
catch over the 24-year period
from 1956 to 1979. The annual
ex-vessel value of English sole
landings averaged $1.71 million
from 1988 to 1990.

Analyses of the English sole
population dynamics (virtual pop-
ulation analysis) conducted in
1984 and 1985 for the northern
and southern components of the
stock indicated that a series of
years with weak recruitments
was responsible for the recent
downward trend in catches. Peri-
ods of strong and weak recruit-
ment have occurred in the past
and appear to be related to shifts
in oceanographic conditions. Re-
sults of the triennial west coast
trawl surveys suggest that En-
glish sole biomass increased from
1980 to 1983 and then remained

stable from 1983 to 1989. Abun-
dance indices from these surveys
should follow trends in stock
abundance because the surveys
cover a significant portion of the
depth range of English sole and
virtually all of its latitudinal
range.

This chapter was written by
Martin Dorn.

For further information

Demory, R. L. 1984. Progress
report on the status of English
sole in the INPFC Columbia-Van-
couver areas in 1984. In Pacific
Fishery Management Council,
Status of the Pacific Coast
groundfish fishery and recom-
mendations for management in
1935. Pacific Fishery Manage-
ment Council, Metro Center,
Suite 420, 2000 SW First Ave.,
Portland, OR 97201.

Hayman, R. A, and A. V.
Tyler. 1930. Environment and
cohort strength of Dover sole and
English sole. Trans. Am. Fish.
Soc. 10954-70.

ENGLISH SOLE
Pacific Coast

Management

Status of exploitation
Age at 50% recruitment
Length at 50% maturity
Assessment approach
Fishing strategy

F (1990) -

Average commercial catch (1980-90)
Long-term potential yield (MSY)

Acceptable biological catch (1990)
Importance of recreational fishery

22 cm (males)

Unknown

2,
Unknown
1,
Minor
Groundfish FMP,
Fully exploited
Unknown (males)

Virtual population analysis
Not available

334 t
900 t
Mesh size regulation

4.1 years (females)
31 cm (females)
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16. PETRALE SOLE

P etrale sole (Eopsetta jordani)
is distributed from northern Baja
California to the Gulf of Alaska
and the Bering Sea. Petrale sole
are found in commercial abun-
dance in water depths less than
100 fathoms, but the species can
be found in depths up to 300 fath-
oms. Spawning takes place in
late winter and early spring.
Spawning has been documented
in Esteban Deep off central Van-
couver Island and Willapa Deep
off southern Washington. Be-
cruitment is highly variable and
dependent on oceanographic con-
ditions.  Prey include eu-
phausiids, sand lance, herring,
and shrimp, as well as other bot-
tom fish.

Maximum age exceeds 20 years
for both males and females. Nat-
ural mortality is estimated to be
in the range of 0.16-0.20. Maxi-
mum size is about 70 c¢m.

Petrale sole are caught com-
mercially by bottom trawls.
Coastwide catch increased from
2,050 t to 2,630 t in 1982, de-

creased to about 1,750 t from
1984 to 1987, and increased to
2,140 t in 1990. The mean catch
from 1980 to 1990 was 2,044 t.
About 50% of the catch comes
from the Columbia INPFC area
(from Cape Blanco, Oregon)
north to 47°30'N latitude (near
Cape Elizabeth) off central Wash-
ington. In this area, the mean
catch from 1980 to 1990 was
1,000 t. Catch has remained
fairly stable since 1956 and is cur-
rently near the historical mean
catch of 900 t (from 1956 to
1979).

The most recent stock assess-
ment of petrale sole was in 1987
for the Columbia INPFC area
only. The 1990 ABCs for the total
U.S. west coast and the Columbia
INPFC area are 3,200 t and 1,100
t, respectively. Exploitable bio-
mass in 1986 was estimated to be
2,611 t and F = 0.46.

Based on the results of triennial
west coast trawl surveys, coast-
wide biomass of petrale sole de-
clined from 1980 to 1983 and
increased from 1986 to 1989.

This chapter was written by
Jack Tumock.

PETRALE SOLE

Management

Status of exploitation
Age at 50% recruitment
Length at 50% maturity

Assessment approach

Average commercial catch (1980-90)
Long~term potential yield (MSY)

Acceptable biological catch (1990)
Importance of recreational fishery

1,000 t
Unknown
1,100 t
Minor
Groundfish FMP
Fully exploited

4.5 years (females)
4.5 years (males)
40 cm (females)

36 cm (males)
Abundance trend

([}
o

PETRALE SOLE
Pacific Coast
COMVERCI AL LANDI NGS

(1,000 t)
YEAR Landings
1980 2.05
1981 2.63
1982 2.19
1983 1.74
1984 1.84
1985 1.73
1986 2.20
1987 2.14
1988 2.14
1989 1.76
1990 1.78

Fishing strategy = Fj4 = unknown
F (1990) = unknown
Petrale Sole
Pacific Coast
, Catchv (1,000 t) CPUE (gm/km)
3000 1000
2800F 800
2000 |
) ‘ = ggg 600
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[l. NORTHERN ANCHOVY
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N orthem anchovy (Engrauliss
mordax) are distributed from the
Queen Charlotte Islands, British
Columbia, to Magdalena Bay,
Baja California. The population
is divided into northern, central,
and southern subpopulations or
stocks. The central stock, which
supports U.S. fisheries, ranges
from approximately San Fran-
cisco, California (38% latitude),.
to Punta Baja, Baja California
(30% latitude).

Northern anchovies are small,
short-lived planktivorous fish
typically found in schools near the
surface in waters that range from
12° to 21.5°C. They rarely exceed
4 years of age and 18 c¢cm total
length.

Northern anchovy spawn
throughout the year but spawn-
ing increases during late winter
and early spring and peaks during
February to April. Both eggs and
larvae are found near the surface.
Northern anchovy are all sexually
mature at age 2. The percentage
of 1-year-olds that are sexually
mature in a given year depends on

water temperature. Substantial
numbers of zero and I-year-old
northern anchovies are taken by
both the reduction and nonreduc-
tion fisheries.

The central stock of northern
anchovy has been exploited by
fisheries in both California and
Mexico. Anchovy landed by the
reduction fishery are converted to
meal, oil, and soluble protein
products. Anchovy harvested by
the live-bait fishery are not
landed but kept alive for sale to
anglers as bait and chum. An-
chovy landed by the nonreduction
(other than live bait) fishery are
used as dead frozen bait, fresh
fish for human consumption,
canned fish for human consump-
tion, animal food, and anchovy
paste.

Anchovy landed for reduction
increased from 155 t in 1965 to
25,000 t in 1966. Landings
ranged from 13,000 to 84,000 t
per year during 1966-72. Land-
ings increased to 118,000 t in
1973 and ranged from 73,000 to
142,000 t per year during 1973-

77. In response to decreases in
fish meal prices, landings de-
clined to an annual average of
39,000 t during 1978-82. Reduc-
tion landings have been ex-
tremely low since 1983, largely as
a result of low prices paid to fish-
ermen.

The average price for anchovy
landed by the reduction fishery
during the period from 1974 to
1988 was about $63 per t (1989
dollars are used in this report),
while the price paid during 1989
was only $36 per t. Revenues
(landings in t times dollars per t
paid to fishermen) during 1989
were only $3,900. During the last
year in which reduction landings
exceeded 50,000 t, reduction pro-
cessors paid $82 per t.

The live-bait fishery takes a va-
riety of species but anchovies
comprise about 85% of the catch.
From 1981 to 1990, the anchovy
live bait catch ranged from 3,600
to 7,000 t per year and averaged
4,500 t annually. The price paid
to fishermen for anchovy landed
as live bait has been about $709

40
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per t. On this basis, revenues in
the live-bait fishery during 1989
were about $3.4 million.

Nonreduction (other than for
live bait) landings averaged about
1,400 t per year from 1981 to
1990. From 1980 to 1988, the
ex-vessel price of anchovy landed
for nonreduction purposes other
than live bait averaged about
$300 per t. Revenues during
1989 (assuming $304 per t, 1988
value) were about $0.70 million.

Anchovy landed in Mexico are
used primarily for reduction, al-
though a small amount are used
as bait. Mexican landings
reached a high of 259,000 t in
1981, fell to 178,000 t in 1982,
and have ranged between 79,000
and 124,000 t per year since 1983.
Mexican landings surpassed Cali-
fornia landings in every year from
1977 to 1989 and comprised more
than 90% of total landings from
1983 to 1989. In 1990, however,
Mexican landings comprised only
1% of total landings.

Northern anchovy fisheries
have been managed by the PFMC
since 1978. Current regulations
impose no numeric limit on live-
bait catch and provide a 7,000 t
guota for other nonreduction
uses. The regulations also specify
optimum vyield for the reduction
fishery as 1) zero when the
spawning biomass is less than or
equal to a cutoff level of 350,000
t and 2) the difference between
the spawning biomass and the
cutoff, up to a limit of 200,000 t,
when the spawning biomass is
greater than 300,000 t. In the
absence of a bilateral agreement,
70% of optimum yield is allocated
to U.S. fisheries so that, for exam-
ple, 0.7 x 7,000 = 4,900 t is allo-
cated each year for the U.S.
nonreduction (other than live
bait) fishery.

The biological rationale for the
300,000 t threshold in the opti-
mum yield formula for reduction
fishing is to prevent depletion of
the resource and to provide an
adequate forage reserve for ma-
rine fish, mammals, and birds.
The well-being of ecologically de-
pendent species, especially the en-
dangered brown pelican, which
feeds on northern anchovy, is an
important issue in the manage-
ment of anchovy fisheries.

As a final safeguard against
stock depletion, the management
plan for northern anchovy defines
overfishing as harvests of any
kind when the spawning biomass
during the current and preceding
season falls below 50,000 t. All
fisheries (reduction, live bait, and
other nonreduction) are closed in
the second season if the spawning
biomass falls below 50,000 t for
two consecutive seasons and the
closure continues in subsequent

seasons until the spawning bio-
mass equals or exceeds 50,000 t.

Although the central sub-
population of northern anchovy is
a transboundary stock harvested
by fisheries in Mexican as well as
U.S. waters, there is no bilateral
management agreement with
Mexico. In the absence of such an
agreement, fishery managers in
the United States assume that
U.S. fishermen are entitled to
70% of the total optimal yield and
set quotas on this basis.

Biomass of northern anchovy
in the central subpopulation aver-
aged 400,000 t from 1984 to 1970,
increased rapidly to 1.8 million t
in 1974, and then declined to
490,000 t in 1978. Since 1978,
biomass levels have tended to de-
cline slowly. Northern anchovy
biomass during 1989 was 307,000
t. Although there is little evi-
dence to support this hypothesis,
the recent decline in anchovy

Catch (1,000 t)
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abundance may be due to warm
water conditions that have pre-
vailed since the mid-1970s. Max-
imum sustained yield of northern
anchovy in the central stock
(without making allowances for
feeding by some ecologically de-
pendent species and ignoring
variation in environmental fac-
tors that cause changes in abun-
dance) is estimated to be about
219,000 t per year at a total bio-
mass level of about 586,000 t im-
plying an optimal exploitation
rate of about 37%. Exploitation

rates exceeded 37% three times
(1980-82) during the history of
the fishery.

Although total anchovy har-
vests and exploitation rates since
1983 have been less than both the
theoretical level for MSY and his-
torical levels prior to 1983, abun-
dance continues to decline slowly.
Annual harvests and exploitation
rates in the near future are ex-
pected to be lower because the
Mexican reduction fishery has re-
portedly become unprofitable and
is expected to cease operations.

NORTHERN ANCHOVY
Pacific Coast -
CATCH (t)
YEAR U.S. MEXICO TOTAL
1981 56,234 258,70 314,934
1982 51,837 177,587 229,424
1983 8,487 79,389 87,876
1984 7,302 101,118 108,420
1985 5,784 121,081 126,865
1986 5,504 96,417 101,921
1987 4,875 124,475 129,350 .
1988 5,656 79,230 84,886
1989 7,044 80,823 87,867
1990 8,050 99 8,149

This chapter was written by
Larry D. Jacobson.

For further information

Frey, H. W. (editor). 1971.
California’s living marine re-
sources and their utilization.
Calif. Dep. Fish Game.

Jacobson, L. D., and N. C. H.
Lo. 1990. Spawning biomass of
the northern anchovy in 1990.
Natl. Mar. Fish. Serv., Southwest
Fish. Sci. Cent. Admin. Rep. LJ-
90-20, SWFSC, P.O. Box 271, La
Jolla, CA 92038.

Methot, R. D. 1990. Synthetic
estimates of historical abundance
and mortality for northern an-
chovy. Am. Fish. Soc. Sympos. 6,
p. 66-82.

Pacific Fishery Management
Council. 1990. Sixth amend-
ment to the northern anchovy
fishery management plan. Pa-
cific Fishery Management Coun-
cil, Metro Center, Suite 420, 2000
SW First Ave., Portland, OR
97201.

NORTHERN ANCHOVY
Pacific Coast

Optimum yield in 1990:

Management

Status of exploitation
Age at recruitment

Age at maturity
Assessment approach
Management strategy

F (1990)

Average catch (1981-90):

Long-term potential catch (MSY)

Importance of recreational fishery

U.s.
Mexico
Total

U.S. reduction.
U.S. nonreduction
U.S. live bait
U.S. total

Mexico reduction
Total

Low 1990,

< 0.05

Pacific northern anchovy FMP

0-1 years

1-2 years
Stock synthesis
Optimum yield formula based on
annual spawning biomass estimate

16,000
112,000
128,000
219,000
116,000

5,900
unrestricted
121,000 t

50,000 t
166,000 t
Significant (bait)

ot ottt ot

Moderate 1989

model
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18. JACK MACKEREL

The jack mackerel (Trachurus
symmetricus) is a member of the
family Carangidae (the jacks) and
is similar to several other species
of Trachurus (horse mackerel)
that occur in temperate eastern
boundary currents worldwide.
Spawning occurs from central
Baja California to British Colum-
bia, moving northward from
spring through late summer. Ju-
veniles appear in the Southern
California Bight, which serves as
a nursery ground for several
years. Older fish move offshore
and northward and may be found
hundreds of miles from shore
(well beyond the U.S. EEZ), espe-
cially in the Pacific Northwest.
Individual jack mackerel -found in
offshore waters may exceed 30
years of age. Most female jack
mackerel in the Southern Califor-
nia Bight attain reproductive ma-
turity as 1-year-olds.

The southern California seg-
ment of the stock has been fished
since the late 1940s when jack
mackerel served as a substitute
target for the failing sardine fish-
ery. The southern California
purse seine fishery has continued
at a low level since then. Jack
mackerel and Pacific mackerel
(Scomber japonicus, elsewhere
known as chub mackerel) are not
distinguished on landings re-
ceipts and are considered to be
commercially equivalent. How-
ever, jack mackerel is slightly less
favored by purse seine fishermen
due to its tendency to occur far-
ther from port and over rocky bot-
toms where there is increased risk
of damage to nets. The southern
California fishery is not presently
managed under the MFCMA, and

there is no limit on allowable
catch.

The large adults, which occur
offshore, are sometimes taken in-
cidentally in trawls, particularly
when Pacific whiting are tar-
geted. During the 1970s, foreign
trawl fisheries may have caught
1000-2,000 t annually, but
catches by foreign and joint ven-
ture fishermen in the 1980s have
ranged from zero to about 100 t.
Because of the foreign trawl fish-
eries of the 1970s, management
of jack mackerel was placed in the
groundfish FMP of the PFMC.
An annual incidental catch of
12,000 t (north of 39% latitude)
has been used to account for the
incidental harvest while avoiding
constraints on fishing for other
groundfish species, particularly
Pacific whiting. In 1991 there
was increased interest by foreign,
joint venture, and domestic in-
dustries, and the ABC was raised
to 52,600 t to allow development
of a fishery. That fishery failed to
materialize, but signs of interest
continue.

The PFMC is in the process of
transferring management of jack
mackerel from the groundfish
FMP to a new Pelagics FMP.

This will have the advantage of
treating both the southern Cali-
fornia and the offshore segments
of the resource under the same
management plan.

Stock size is thought to be 1.5
million t, and potential yield is
unknown. Development of more
reliable estimates of stock size
and potential yield awaits collec-
tion of additional information on
age structure and reproductive bi-
ology, which could be used to help
interpret existing CalCOFI egg
and larval survey data. The ex-
tensive geographic distribution
and heterogeneous structure of
the source may make manage-
ment and assessment of the
resource difficult. Trawl,
ichthyoplankton, or hydroacous-
tic surveys for a jack mackerel
population assessment would be
too large in geographic scope and
too expensive to conduct regu-
larly. Much of the necessary in-
formation will have to be obtained
from the fishery, including catch
rates and samples of fish for de-
mographic and physiological
analysis.

This chapter was written by
Alec D. MacCall.

JACK MACKEREL
Pacific Coast

Average catch (1981-89)

Management
Status of exploitation

Age at 50% maturity
Assegsment approach
Fishing strategy

F (1990)

Pelagic Resources

Long-term potential yield (MSY)
Acceptable biological catch (1991)
Importance of recreational fishery

Age at 50% recruitment (off shore) =
§. California =

14,200t
100,000 t
52,600 t
Minor
= Groundfish FMP
= Light
15 years
1 year

1l year
Ichthyoplankton
Incidental catch
not managed

0.01
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PACIFIC COAST SALMON

T his section describes the Pa-
cific salmon stocks and fisheries
of Washington, Oregon, and Cali-
fornia. The species are pink
(Oncorynchus gorbuscha), sock-
eye (0. nerka), chum (0. keta),
coho (0. kisutch), and chinook (O.
tshawytscha) salmon. The major
fishery components are the com-
mercial and recreational fisheries
located in Puget Sound, in certain
Washington coastal rivers, in the
Columbia River, in the Klamath
River of California, and in the
ocean fisheries off all three states.
These fisheries have been in exis-
tence since the late 1800s and are
a continuation of fisheries con-
ducted by Indian fishermen. The
pink, sockeye, and chum salmon
catches occur primarily in Wash-
ington.

Pacific salmon are anadro-
mous. They spawn in streams or
lakes and migrate to the ocean

where they may travel into inter-
national waters. Upon reaching
maturity, they return to their
home stream to spawn and com-
plete their life cycle.

Management of this resource is
complex. Some stocks are af-
fected by management actions of
the Pacific Salmon Commission
(PSC), state fishery agencies, In-
dian management entities, and
the PFMC. North-migrating
stocks are also impacted signiti-
cantly by fisheries off Canada and
Southeast Alaska. Two species
(chinook and coho salmon) are
managed by the PMPC'’s Pacific
salmon FMP. The other three
species (sockeye, pink, and chum
salmon) are not.

Salmon catches and prices fluc-
tuate considerably from year to
year, due principally to variations
in survival rates and production.
Recently, the combined commer-

cial landings of all five salmon
species have had annual ex-vessel
values of about $140 million with
an average weight of about
36,197 t (80 million Ibs). It is
much more difficult to place a
value on the recreational fishery.
Some sport-caught salmon have
been valued as high as $295 per
fish. Nevertheless, it is clear that
the average recreational catch for
the past 3 years, 1.2 million
salmon, is worth many millions of
dollars.

In 1990, there were 4,550 com-
mercial ocean troll boats licensed
to fish off California, Oregon, and
Washington. In the ocean recrea-
tional fishery, about 600 charter
boat licenses were sold and there
were about 657,000 angler trips
or days.

There is more fishing gear than
is required to adequately harvest
the Pacific salmon resources and
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Pacific Coast Salmon Resources

Sockeye Salmon

Average catch (1960-90)
Average catch (1988-590)
Long term potential yield
Importance of recreational
Status of Exploitation
Fishing strategy

Pink Salmon

Average catch (1961-89)
Average catch (1985-89)
Long term potential yield
Importance of recreational
Status of Exploitation
Fishing strategy

Chum Salmon
Average catch (1960-90)
Average catch (1988-90)

Long term potential yield .

Importance of recreational
Status of Exploitation
Fishing strategy

Chinook Salmon

Average catch (1960-90)
Average catch (1988-%0)
Long term potential yield
Importance of recreational
Status of Exploitation
Fishing strategy

Coho Salmon

Average catch (1960-90)
Average catch (1988-90)
Long term potential yield
Importance of recreational
* Status of Exploitation
Fishing strategy

fishery'

fishery

fishery

fishery

fishery

1,654,000 fish

2,839,000 fish

2,839,000 fish

minor

fully exploited; over-utilized
meet spawning escapment goals
and treaty obligations

2,917,000 fish
3,496,000 fish
3,496,000 fish
minor :
fully exploited; over-utilized
meet spawning escapment goals
and treaty obligations

617,000 fish
1,017,000 fish
1,017,000 fish
minor
fully exploited; over-utilized
meet spawning escapment goals
and treaty obligations

1,979,000 fish

2,274,000 fish

2,274,000 fish=*

About 20% of the total catch
fully exploited; over-utilized
meet spawning escapment goals
and treaty obligations

3,231,000 fish

2,693,000 fish

3,231,000 fish

About 25-30% of total catch
fully exploited; over-utilized
meet spawning escapment goals
and treaty obligations

* Long-term goals for some stocks have been stated as doubling of
production primarily through significant improvements of

freshwater habitat.

long term potential dramatically.

If this is achieved, it would increase the

Pacific Coast Salmon
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severe limitations on fishing are
required to protect the stocks,
Thus, all five Pacific salmon spe-
cies are listed as over-utilized.

Changes in the freshwater en-
vironment have had devastating
effects on the survival of salmon
stocks. The large number of
dams, particularly on the Colum-
bia River, is one very visible fac-
tor. Dame that are completely
impassable have eliminated large
spawning areas. Dams that are
passable to salmon still take their
toll on returning adults. Also,
conditions at dams cause signifi-
cant losses of downstream mi-
grating young salmon through
delayed migrations and mortality
from passing through the tur-
bines. The lack of adequate water
for fish passage has also been a
problem. Improvement of the
freshwater habitat and reduced
mortality are needed to restore
stocks.

This section and the following
chapters on Pacific salmon
were written by Kenneth A.
Henry.
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19. SOCKEYE SALMON

Sockeye salmon from Washing-
ton, Oregon, and California origi-
nate primarily from a few
streams entering Puget Sound
and the upper Columbia and
Snake Rivers. Female sockeye
salmon generally spawn from
3,000 to 4,000 eggs. The young
fish typically migrate to the ocean
after 1 or 2 years rearing in fresh-
water lakes. They normally ma-
ture after 2 or 3 years in the Ocean
and weigh from 1.8 to 3.6 kg (4 to
8 Ib), although Columbia River
sockeye salmon are generally
under 1.8 kg (4 Ib). Most return
to their spawning grounds as 4- or
5-year-old fish and are slightly
less than 1 m long.

Most of the sockeye salmon
are caught by net gear (gill net,
purse seine, and reef net), al-
though the troll fishery also
catches a sizeable number. In Se-

attle, there is a popular recrea-
tional fishery for sockeye on Lake
Washington whenever the es-
capement exceeds spawning re-
quirements. However, this has

occurred only six times since
1978. Most of the sockeye salmon
caught by Washington fishermen
are of Canadian origin returning
primarily to the Fraser River.
The total Washington-Oregon
sockeye salmon catch has aver-
aged 1.7 million fish from 1960 to
1990 and annually averaged 1.8
million fish from 1988 to 1990.
The recreational catch is a very
small proportion of this total, av-
eraging considerably less than
50,000 sockeye salmon annually.
Most of the sockeye salmon are
produced naturally. -Although
Fraser River sockeye salmon runs
have been at high levels of abun-
dance in recent years, the number
of fish that U.S. fishermen can
harvest is limited under terms of

Sockeye Salmon
Washington, Oregon and California

o Catch in Thousands of Fish

Commercial

Il Rocreational

the new U.S.-Canada Salmon
Treaty. Signed in 1985, this
treaty covers the salmon fisheries
from Southeast Alaska to north-
em Oregon.

There is considerable concern
about the status of the Snake
River sockeye salmon. In April
1991, this stock was recom-
mended for listing as endangered
under the Endangered Species
Act. In 1988, there were only four
adults and two redds (nests) re-
ported in the spawning escape-
ment; in 1989, one adult, one
redd, and a second potential redd
were observed; in 1990, no adults
or redds were identified.

SOCKEYE SALMON
Pacific Coast
COMMERCIAL AND

RECREATIONAL CATCH
(in 1,000's of fish)
Year Comm Rec Total
1980 556 43 599
1881 1,327 o 1,327
1982 2,284 12 2,296
1983 402 28 430
1984 1,713 45 1,758
1985 2,993 1 2,994
1986 2,756 1l 2,757
1887 2,005 5 2,010
1988 900 95 995
1989 2,261 0 2,261
1990 2,109 0 2,109

.-Average
60-90 1,646 7 1,654
88-90 1,757 31 1,788
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20. PINK SALMON

P ink sal mon stocks for these
three states originate primrily
from tributaries of Puget Sound.
Females usually bear 1,500 to
1,900 eggs. The fry migrate to
salt water shortly after emerging
from the gravel. They mature at
age 2 weighing from 1.4 to 2.7 kg
(3 to 6 Ib); although fish up to 4.5
kg (10 Ib) have been recorded. In
some areas, pink salmon return
every year (both odd-year and
even-year cycles); the majority of
Puget Sound pink salmon return
on odd-years.

Most of the pink salmon are
caught by net gear in Puget
Sound; however, trollers have be-
come considerably more profi-
cient in catching pink salmon in
recent years. Most of- the pink
salmon caught by Washington
fisheries are of Canadian origin
returning to the Fraser River, al-
though Washington origin pink

Pl NK SALMON
Paci fi ¢ Coast
COVVERCI AL AND
RECREATI ONAL CATCH
(in 1,000's of fish)

Year Comm Rec Total
1971 2,499 40 2,539
1973 2,419 29 2,448
1975 1,408 23 1,431
1977 2,322 60 2,382
1979 4,708 103 4,811
1981 4,136 41 4,177
1983 1,953 21 1,974
1985 4,284 63 . 4,347
1987 2,088 52 2,140

Average
61-89 2,844 73
85-89 3,450 46 3,496

salmon do contribute signifi-
cantly to the catch in some years.

The 1961-89 commercial catch
(odd years only) averaged 2.9 mil-
lion pink salmon annually
whereas the annual average for
1985-89 was 3.5 million pink
salmon. The sport catch over the
same two time periods averaged
76,000 and 46,000 pink salmon,

production. Hers again, although
Fraser River pink salmon stocks
are at a high level of abundance,
the U.S. catch has been restrained
in recent years under terms of the’
U.S.-Canada Salmon Treaty.

The abundance of U.S. pink
salmon stocks fluctuates consid-
erably due to varying survival
rates, but the stocks appear to be

respectively. Most of the pink in good condition,

salmon caught are from natural

PINK SALMON

Washington, Oregon, and California

7CmmmumMomHm

Commerclal

1961 1863 1966 1967 1969 1971 1973 1976 1977 1979 1981 1983 1986 1987 1989
YEAR

Hl Recreational
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21 .CHUM SALMON

The distribution of significant
stocks of chum salmon extends
from northern Oregon, north-
ward around the Pacific Rim to
the U.S.S.R. and Japan. Japan
currently produces large numbers
of chum salmon in hatcheries. In
the Pacific Northwest, the major
chum salmon returns are primar-
ily to Puget Sound tributaries
Some important chum salmon
stocks exist in streams part way
down to the Oregon coast, but
they are generally at the south-
ernmost end of their range.
Although chum salmon gener-
ally spawn in the lower few miles
of the various tributaries, they do
migrate hundreds of miles up-
stream to spawn in large river
systems, such as the Yukon River
in Alaska. Females spawn up to
2,700 eggs,’ and, as with pink
salmon, the fry go to salt water
shortly after hatching. They re-

main in the ocean from 2 to 4
years and then return to fresh
water to spawn, weighing from
3.2 t0 8.2 kg (7 to 18 Ib), although
some as large as 9 kg (20 Ib) have
been reported. Most chum
salmon returning to Washington
and Oregon are 3 and 4 years old.
Significant numbers of 5-year-old
chum salmon do return to
streams in northern British Co-

is from Canadian stocks. From
1960 to 1990, catches averaged
617,000 chum salmon annually
and from 1988 to 1990, averaged
above 1 million chum salmon. Ar-
tificial propagation has been in-
creasing, but the bulk of the
production is' from natural
spawners. The recreational catch
is very small.

U.S. chum salmon stocks fluc-

Pa?:iUM cSAl(_:oNaOs\lt lumbia and Alaska. tuate due to varying ocean sur-
COVWERCI AL AND Most chum salmon are caught vival, but they appear to be in
RECREATI ONAL CATCH in net gear. A portion of the catch  fairly good condition.
(in 1,000"'s of fish)
Chum Salmon
Year ~ Comm Rec Total Washington, Oregon and California
Catch in Thousands of Fish
1980 1,018 2 1,020 1600
1981 542 2 544 1400
1982 1,121 1 1,122 1200
1983 557 1 558
1984 779 1 780 1000
1985 1,185 1 1,186 800
1986 1,283 2 1,285 600
1987 1,432 4 1,436
1988 1,048 O 1,048 400
1989 888 0 888 200
1990 1,115 .0 1,115 0
—————————————————————— 60
Average
60-90 617
89-90 ) 1,017 EZ Commerclal I Recreational
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22. CHINOOK SALMON

Chinook salmon spawn in
streams from Puget Sound,
Washington, to San Francisco,
California, usually in larger trib-
utaries, with the Columbia River
system being a major producer.
Other important producers of
chinook salmon are Puget Sound,
the Umpqua and Rogue Rivers in
Oregon, and the Klamath and
Sacramento Rivers in California.
Chinook salmon stocks are la-
belled as spring, summer, fall, or
winter depending on their time of
migration out of the ocean.
Females deposit from 3,000
to 14,000 eggs. Some young fish
migrate to the ocean shortly after
emergence from the gravel while
others over-winter in fresh water

before going to salt water. They
spend from 2 to 5 years in the
ocean before returning to fresh
water to spawn and start the cycle
again. Chinooks are the largest
salmon with some adults weigh-
ing over 22.7 kg (50 Ib) and reach-
ing about 1.5 m (5 ft) in length.
Most weigh from 7.7 to 22.7 kg
(17 to 50 Ib) at maturity. Some
chinook salmon undertake long
freshwater migrations to reach
their home stream, particularly to
the’ upper areas of the Columbia
and Snake Rivers.

For the period 1960-90, com-
mercial landings of chinook
salmon, both natural and hatch-
ery produced, have averaged 1.5
million fish, while recreational

landings averaged 505,000 fish.
The ocean chinook salmon catch
north of Cape Falcon, Oregon, has
been limited by annual catch quo-
tas. Chinook salmon produced in
hatcheries are contributing a sig-
nificant share to these catches.
The NMFS has proposed to list
spring-summer and fall chinook
salmon runs in the Snake River as
threatened under the Endan-
gered Species Act. Escapements
for these stocks in recent years
have been considerably reduced.
For upriver spring chinook
salmon, the goals of 115,000 es-
caping above Bonneville Dam and
35,000 spring chinook salmon es-
caping above Lower Granite Dam
have not been met since 1978.

Pacific Coast Salmon
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For upriver summer chinook
salmon, the goal of 80,000-90,000
escaping above Bonneville Dam
has not been met since before
1971. Also, the decreasing es-
capement of these fish above
Lower Granite Dam is quite dra-
matic.

Snake River dam counts
(Lower Granite and Ice Harbor
Dams) indicate that Snake River
fall chinook salmon are also at a
very low level of abundance.
Coded-wire tags of Lyon's Ferry
Hatchery chinook salmon indi-
cate that interdam mortality is
about 28-42% and that overall
harvest is about 74%.

In reviewing the status of Co-
lumbia River chinook salmon
stocks, it is enlightening to exam-
ine the history of commercial

low of only 58,000 chinook
salmon in 1983 (an El Nifio year).
Although some of this decline in
in-river catch can be attributed to
increased landings from the
ocean fisheries, the depressed
condition of these stocks is appar-
ent from drastic reductions in
spawning escapements.

Under the Columbia River
Basin Fish and Wildlife-Program,
plans have been proposed to dou-
ble production of certain chinook
salmon stocks. If these plans are
successful, catches of chinook
salmon could increase signifi-
cantly.

In 1990, the Sacramento River
winter-run chinook salmon was
listed as threatened under the En-
dangered Species Act. This stock
is in trouble, decreasing from an

salmon landings, where data annual escapement of 35,800 fish

since 1866 are available.
Whereas the early landings were
entirely from natural spawning
stocks, in recent years, a large
share of the landings has been
from hatchery-produced fish.
The number of chinook salmon
landed peaked in 1883 at over 2.3
million. Landings decreased to a

in 1971 to only 550 in 1990.
When a species is listed as endan-
gered, it could- have very severe
ramifications not only to salmon
management, but to a variety of
other agencies associated- with
the production of salmon.

Other chinook salmon stocks
also are seriously depressed. In

Chinook Salmon
Washington, Oregon, and California

Catch (Thousands of Fish)
00

60 65 70

Racreational

Commercial '

CHI NOOK SALMON
Paci fic Coast
COWERCI AL AND
RECREATI ONAL CATCH
(in 1,000's of fish)

Year Comm Rec Total
1980 1,343 440 1,783
1981 1,247 415 1,662
1982 1,576 479 2,055
1983 712 391 1,103
1984 783 359 1,142
1985 1,044 471 1,515
1986 1,808 464 2,272
1987 2,280 563 2,843
1988 2,736 483 3,219
1989 1,625 466 2,091
1990 1,131 381 1,512
Average

60-90 1,473 466 2,091
88-~-90 1,131 381 1,512

California, Shasta River chinook
salmon (Klamath River system)
spawning escapements declined
from a peak of 61,800 adults in
1931 to only 415 in 1990. Also,
total Klamath River chinook
salmon abundance declined fol-
lowing record production in 1988,
resulting from a high brood year
survival rate, to very low produc-
tion in 1990 and 1991. In Wash-
ington, a number of chinook
salmon stocks in Puget Sound
have not met escapement goals on
a continuing basis in recent years.
These stocks include Skagit River
spring  chinook  salmon,
Stillaguamish River summer-fall
chinook salmon, and Snohomish
River summer-fall chinook
salmon.

For all other chinook salmon
stocks from California to Wash-
ington, while experiencing an-
nual changes in abundance from
varying survival rates, none of the
major stocks appear to be in a
continuing depressed condition.
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23. COHO SALMON

Coho salmon produce from
2,400 to 4,500 eggs. After hatch-
ing, the fry usually spend their
first year in fresh water before
migrating to the ocean. Coho
salmon typically spend 1 year in
the ocean before returning as
adults to their home stream to
spawn. They weigh from 2.7 to
5.4 kg (6 to 12 Ib) and reach a
length of slightly under 1 m (3 ft)
at maturity although weights
over 11.8 kg (26 Ib) have been
recorded.

For the period 1960-90, com-
mercial landings of natural and
hatchery-produced coho salmon
averaged 2.4 million fish, while
recreational landings averaged
813,000 fish. For the period
1988-90, commercial catches of
coho salmon averaged 2 million
fish, while recreational catches
averaged 722,000 coho salmon.
The ocean catch of coho salmon is
limited by annual catch quotas.
With some improvement in ocean

To an even greater extent than
with chinook salmon, hatchery-
produced coho salmon have be-
come an increasingly important
part of the catch, and in some
areas, comprise over 80% of the
catch.

Coho salmon landings from the
ocean fisheries peaked at over 5
million fish in 1976 and then de-
clined rather drastically to
around 1 million in recent years.
This is in large part due to a shift-
ing of most of the allowable catch
from the ocean fisheries to inside
fisheries, particularly north of
Cape Falcon, Oregon This has
mainly resulted from a Federal
Court decision in 1974 relating to
Indian fishermen salmon entitle-
ment under treaties signed in the
1850s.

The NMFS was petitioned to
list lower Columbia River natural
coho salmon as endangered under
the Endangered Species Act. In
view of the large production of

salmon has been directed toward
harvesting these hatchery fish to
prevent wasting large numbers of
coho salmon returning in excess
of hatchery needs. Consequently,
the NMFS declined to list lower
Columbia River coho salmon and
stated, “Native runs, if they per-
sist, would exist only as small
remnant populations.”

Some other coho salmon stocks
have been at low levels of produc-
tion in recent years and have gen-
erally-been the constraining
stocks under weak stock manage-
ment. In particular, these are the
Washington coastal Queets River
stock and Hood Canal and Skagit
River stocks in Puget Sound. In
addition, the Oregon Coastal Nat-
ural coho salmon stock has failed
to meet its escapement goal for
the past 4 years. A poor stock
abundance predictor has cer-
tainly been a factor in this in-
stance.

survival, coho salmon should be coho salmon from hatcheries on
able to approach the long-term the Columbia River, the manage- PCO{{?. SAL(L:.MONt
H H : H dCll1cC oas
average combined production. ment of Columbia River coho COMMERGIAL AND
RECREATIONAL CATCH
in 1,000's of fish
Coho Salmon (n Lo )
Washington, Oregon, and California Year Comm Rec Total
Catch (Thousands of Fishy | | 7777777 ==s===o====""
1980 2,344 819 3,163
1981 1,985 646 2,631
1982 2,494 652 3,146
1983 1,417 683 2,100
1984 1,356 449 1,805
1985 1,692 595 2,287
1986 3,207 832 4,039
1987 2,652 695 3,347
1988 2,344 709 3,053
1989 2,020 758 2,778
1990 1,548 700 2,248
Years Average
L 60-90 2,418 813 3,231
I Recreational EZZ Commercial 88-90 1,971 722 2,693
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MARINE MAMMALS

This section presents informa-
tion on selected marine mammal
populations off Washington, Ore-
gon, and California. Forty-two
species of marine mammals in
U.S. waters of the North Pacific
Ocean are under the jurisdiction
of the Department of Commerce.
This includes 31 species of
whales, dolphins, and porpoises
and 11 species of seals and sea
lions. Six species are unique to
Alaska; one species, the Hawaiian
monk seal, is unique to Hawaii.
Fourteen of the most com-
monly observed species are nor-
mally found close to shore, such as
the California gray whale and

California sea hon. The other
species usually remain in offshore
waters, on remote islands, or are
rare in number and seldom seen.
Most marine mammal species
make long-distance migrations or
move hundreds of miles within
smaller areas of the ocean be-
tween seasons of the year. These
movements, especially by whales
and dolphins, are for traveling
from one feeding ground to an-
other or to spend the breeding
season in lower latitudes and the
major feeding and calf-rearing
seasons in higher latitudes.
There are several populations
of marine mammals that spend

the majority of the year in Califor-
nia; offshore waters of Washing-
ton and Oregon are generally
transition areas for animals mov-
ing between the southern breed-
ing grounds and rich feeding
grounds of Alaska. A few species
are found year-round in Washing-
ton and Oregon, such as the har-
bor porpoise and Pacific harbor
seal, but this is also true for these
species in California and Alaska.
The zoogeographic differences
have led to varying life history
strategies, and resulted in the
need to manage several popula-
tions or stocks per species. Man-
agement is carried out under the

o4

Marine Mammals



STATUS OF RESIDENT AND

SELECTED SPECIES OF MARINE MAMMALS
OFF WASHINGTON, OREGON, AND CALIFORNIA
(e) = endangered; (i) = threatened; (d) = depleted

whi t e- si ded

dol phin,
mostly off

G anpus,

Species Abundance Trends Method of Assessment Status and
(95% C.I.) (+/-%) Assessment Coverage Authority
Gray whale 21,113 +3.2%/yr Land-based Complete Recovered,
(19,737-22,489) (1968-88) counts ESA (e)

Humpback 1,398-2,040 Unknown Photographic Complete? Below OSP,
whales mark-recap. ‘ ESA (e)

Killer whale 260 Stable? Individual Partial Unknowﬁ, MMPA

(Puget Sound) Counts

Delphinid >150,000 2 Unknown - Partial Unknown, MMPA
complex'

Vaguita < 100 ? Declining -- -- Below OSP,ESA (e)

Harbor 50,000 Unknown Line transect Partial Uncertain, MMPA
pcrpoise ’

California 87,000 Increasing Land-counts Complete Near OSP, MMPA
sea lion

Northern 5,000 Declining Land-counts Complete Below OSP,
sea lion : ESA (t)

Northern 6,000 Increasing Land-counts Complete Below OSP,
fur seal ‘ MMPA (d)

Harbor seal >42,000 1Increasing Land~counts Complete Within OSP,MMPA
Elephant 67,000 +8.8%/yr Land-~counts Complete Within OSP,MMPA
seal (1980-88) ‘

! Short-finned pilot whale, northern right whale dolphin, bottlenose

dol
Cal i

hi n,

, common dol phin,
orni a.

common dol phin and

Mari ne Mammal Protection Act
(MMPA) of 1972 and the Endan-
gered Species Act (ESA) of 1973.
Both Acts require that manage-
ment of marine mammals be
based on the identification and
enumeration of populations or
stocks.

Two species, the vaquita or
Gulf of California harbor porpoise
and the Guadalupe fur seal, are
not endemic to the United States
(although a few male Guadalupe
fur seals do occasionally show up
in California). The vaquita is in-
cluded in this report because of its
rarity and the active conservation

efforts being carried out by the
U.S. and Mexican governments.
A summary of the status of the
stocks, impact of incidental take,
and description of individual
stocks are described as follows.
This section and the following
chapters were compiled by How-
ard W. Braham and Jay Barlow.
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INCIDENTAL TAKE OF
SELECTED MARINE MAMMALS IN DOMESTIC FISHERIES
IN WATERS OFF WASHINGTON, OREGON, AND CALIFORNIA.

Species Incidental Take Fishery 10-year Trend Impact of

(95%CI) (CV) "(others) Exploitation
Gray whale Several tens? Coastal gillnets Unknown Not significant
Delphinid Several tens? Coastal set nets | Unknowwn Uncertain

complex! and seins

Vaquita >30/year Gillnet for shark, Increasing Severe depletion
‘ totoaba and shrimp
\
' Harbor >200/year coastal set nets Increasing? Possibly vital
porpoise for halibut and salmon
California 3,200/year Gillnets for shark, Increasing Uncertain

sea lion (2,000-4,000) salmon, swordfish,
hake and halibut

‘Northern Unknown -- - . --
sea lion

Northern Unknown - -- --
fur seal

Harbor seal 1,400/year Gillnet for shark, Unknown Uncertain

(California) swordfish and halibut

Elephant .

seal <200/year " Unknown Not significant

! shortfined pilot whale, northern right whale dolphin, bottlenose dolphin,
whitesided dolphin, common dolphin and Grampus, mostly off California.
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24. GRAY WHALE

There is one stock of gray
whales (Eschrichtius robustus)
endemic to the eastern North Pa-
cific Ocean located from the west-
ern North American Arctic
(United States, Canada, and the
Soviet Union) to Baja California
and mainland Mexico. The
eastern North Pacific, or “Califor-
nia” stock, was heavily exploited
by Yankee whalers during the sec-
ond half of the 19th century and
may have been reduced to only a
small fraction of its population
size prior to commercial exploita-
tion.

In the eastern North Pacific,
gray whales are distributed across
much of the southern Chukchi
Sea and northern Bering Sea
where they can be found feeding
from May to November. They mi-
grate out of the Bering Sea in late
autumn and are distributed along
much of the lower U.S. coast be-
tween December and March. The
peak of the southbound migration
passes central California in early
January. There is some temporal
overlap with the first of the north-
bound migrants leaving Baja Cal-
ifornia as the tail end of the
southbound migrants arrive. A
small number of whales do not
undertake a full migration ‘to
Alaska in spring; instead they
stay along the Pacific coast. The
northward migration past central
California and Oregon usually oc-
cum from March to June, but it is
not uncommon to see several gray
whales in large bays and estuar-
ies, such as Puget Sound,
throughout much of the summer.
It is also during summer and early
autumn when gray whale calves
begin to wean, and the incidence
of strandings increases. Calf

mortality is at its highest just
after birth and after weaning.
Gray whales are generally light
to dark gray with mottled lighter
colored patches from the slough-
ing of the host-specific ectopara-
sitic barnacles, Cryptolepus
rhachianecti. As with other ba-
leen whales, adult female gray
whales reach sexual maturity at
slightly greater lengths (12.95 m,
SE = 0.11) than do males (12.43
m, SE = 0.12), with maximum
physical maturity reached at ap-
proximately 14 m in females and
13 m in males. Mean birth length
is 4.6 m (both sexes), 7-8 m at
weaning (usually 6-8 months
postpartum), and at 1 year 8 m in
length or greater. Age at sexual
maturity is 9 years (range 6-12
years) for females and 6 years
(range 5-9 years) for males.
Mean conception date is 5 Decem-
ber and mean birth date is 27 Jan-
uary. Gestation lasts 418 days on
average. With an ovulation rate
of 0.50/year, and a pregnhancy rate
of 0.46/year, an adult female gray
whale can give birth every 2 years,
but a 3-year calving cycle is also

common. Estimated annual sur-
vival rates are 95% for adults and
89% for juveniles.

The size of the eastern North
Pacific stock of gray whales is
21,113 (SE = 688), which is
larger than the estimated 15,000-
20,000 gray whales in 1850. The
population increased at a rate of
3.2% per year (SE = 0.5%) be-
tween 1968 and 1988, at the same
time a subsistence catch of 167
whales per year (SE = 3.5) was
made by the Soviet Union.

For further information

Braham, H. W., and G. P. Don-
ovan (editors). In press. The
comprehensive assessment of
gray Whales, Eschrichtius
robustus. Cambridge, U.K., Int.
Whaling Comm. (Special Issue

“'Rugh D R. Ferrero and M.
Dahlheim. 1990. Inter-observer
count discrepancies in a shore-
based census of gray whales.
Mar. Mam. Sci. 6:109-120
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25. HUMPBACK WHALE

H umpback whales (Megaptera
nouaeangliae) occur in all oceans
of the world. Like most baleen
whales, they annually migrate to
high-latitude, summer feeding
grounds from temperate or sub-
tropical wintering (breeding)
grounds. The North Pacific
humpback whale population ten-
tatively has been divided into
three stocks, based on the relative
discreteness of wintering areas:
1) the Mexican stock, 2) the Ha-
waiian stock, and 3) the Asian
stock (near the Ogasawara and
Okinawa Islands of Japan).
Some exchange takes place be-
tween the Mexican and Hawaiian
stocks, but to date there is no ev-
idence of any exchange between
the eastern and western North
Pacific stocks.

Humpback whales that give
birth and mate in Mexico are be-
lieved to spend the summer feed-
ing off of California, principally
north of Point Conception. They
are also seen migrating north and
south over the continental shelf of
Oregon and Washington mainly
between March and November.
Short-term seasonal distribution
patterns have been documented
especially along the central Cali-
fornia coast and the Gulf of the
Farallones. The paucity of sight-
ings along Oregon and Washing-
ton is in large part a result of little
survey effort. Seasonal distribu-
tion of humpback whales on the
feeding grounds issubject to vari-
ability in oceanographic condi-
tions and the distribution and
availability of prey.

The preexploitation population
size of humpback whales in the
North Pacific Ocean (western
and eastern stocks) is not known,

w. 3

but estimates suggest that it may
have been on the order of 15,000
whales. There have been no sur-
veys over a significant period of
time to detect trends in abun-
dance.

The current estimate for the
eastern North Pacific stock(s) is
1,398-2,040, which is 9-13% of the
estimated abundance of hump-
back whales in the North Pacific
prior to commercial exploitation.
More than 1,000 individual
whales were identified off Hawaii
between 1977 and 1985. Mark-
recapture analysis, based on the
photo-identification of individu-
als, has led to an estimate of
1,600-2,100 whales that annually
visit Hawaiian waters. The min-
imum number of humpback
whales that frequent the Gulf of
the Farallones, off central Cali-
fornia, is on the order of 400 (sub-
ject to sampling biases), although
the same animals do not always
return each year.

For further information

Baker, C. S., S. R. Palumbi, R.
H. Lambertsen, M. T. Weinrich, J.
Calambokidis, and S. J. O’Brien.
1990. Influence of seasonal mi-
gration on geographic distribu-
tion of mitochondrial DNA
haplotypes in humpback whales.
Nature 344:238-240.

Calambokidis J J.C. Cubb-
age, G. H. Steiger, K. C. Balcomb,
and P. Bloedal. 1990. Population
estimates of humpback whales in
the Gulf of the Farallones, Cali-
fornia, p. 325-334. In P. Ham-
mond, S. A. Mizroch, and G. P.
Donovan (editors), Individual
recognition of cetaceans: Use of
photo-identification and other
techniques to estimate population
parameters. Cambridge, U.K,
Int. Whaling Comm. (Special
Issue 12).

Humpback ‘Whale Recovery
Team. 1990. National recovery
plan for the humpback whale
(Megaptera novaeangliae) in wa-
ters of the United States of Amer-
ica. U.S. Dep. Commer., NOAA
NMFS, Washington, D.C., 82 p.

Perry, A., C. S. Baker, and L. M.
Herman. 1990. Population char-
acteristics of individually identi-
fied humpback whales in the
central and eastern North Pa-
cific: A summary and critique, p.
307- 317. In P. Hammond, S. A.
Mizroch and G. P. Donovan (edi-
tors), Individual recognition of ce-
taceans: Use of photo-
identification and other tech-
niques to estimate population pa-
rameters. Cambridge, U.K., Int.
Whaling Comm. (Special Issue
12).
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26. KILLER WHALE

The killer whale (Orcinus orca)
is the largest member of the fam-
ily Delphinidae. Adults range in
length from 5 to 9 m. Dorsal fin
height can be 1.8 m in adult males
and up to 0.9 m in adult females
and subadult males. The genus is
monotypic with geographical
variations in size and color. Dif-
ferences in call repertoires and
overlapping color patterns may
suggest some isolation among
pods. Recent studies indicate
that certain pods may be geneti-
cally distinct.

Killer whales have been ob-
served in all oceans and seas of
the world and, although reported
from tropical and offshore wa-
ters, they are more commonly
found in colder waters typically
within 800 km of major conti-
nents. Along the U.S. continental
west coast they concentrate near
land masses and continental shelf
waters, with concentrations
noted in Puget Sound, in the ad-
jacent waters of British Colum-
bia, and in Southeast Alaska.

Killer whales typically occur in
small pods of fewer than 40 ani-
mals. Multipod gatherings have
been noted; however, the biologi-
cal significance of ‘these group-
ings is not known. Pod
composition appears to remain
constant for many years with lit-
tle intermixing of individuals
among pods. At least two major
types of pods have been noted.
Transient pods move in and out of
areas typically occupied by resi-
dent pods. Resident pods of Killer
whales are usually found in one
area year-round (encompassing
several thousand square miles)
and are dominated by strong ma-
triarchal lineages. The natural

mortality rate of killer whales is
less than 5% per year and fre-
quently as low as 1%.

Movements of killer whales are
believed to be related to the avail-
ability of prey, such as spawning
salmon, and the movements of
seals and whales. Killer whales
also prey on cod, herring, flatfish,
sablefish, and other fish. Resi-
dent pods typically prey on fish,
while transient pods may favor
marine mammals. Killer whales
have never been subjected to sig-
nificant rates of exploitation and
are not taken for subsistence. In-
cidental takes during fishing op-
erations are rare. No significant
fishery interactions have been
documented in California, Ore-
gon, or Washington, although
fishermen sometimes shoot at
them and use seal bombs and
other explosives to keep the
whales away from their catch.

In Puget Sound there are 3
identified resident pods totaling
84 animals (1987 counts). The
largest pod (L) totals 49 animals,
and the two other pods (J and K)
total 17 and 18 animals, respec-
tively. The number of Killer
whales in Oregon and California
is unknown but probably not

large, based on anecdotal ac-
counts during surveys for other
species.

For further information

Dahlheim, M. E. 1981. A re-
view of the biology and exploita-
tion of the killer whale, Orcinus
orca, with comments on recent
sightings from Antarctica. Rep.
Int. Whaling Comm. 31541-556.

Dahlheim, M. E., and J. Heyn-
ing. In press. The killer whale. LB
S. Ridgway and R. Harrison (edi-
tors), Handbook of Marine Mam-
mals. New York, Academic
Press.

Olesiuk, P. F., M. A. Bigg, and
G. M. Ellis. 1990. Life history
and population dynamics of resi-
dent killer whales (Orcinus orca)
in the coastal waters of British
Columbia and Washington state,
p. 209-243. In P. Hammond, S. A.
Mizroch, and G. P. Donovan (edi-
tors), Individual recognition of ce-
taceans: Use of
photo-identification and other
techniques to estimate population
parameters. Int. Whaling Comm.
(Special Issue 12).
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27. DELPHINID COMPLEX

Common dolphin

The status, trends, and impact

of domestic fisheries on the
coastal and pelagic species of dol-
phins and porpoises in the family
Delphinidae are not well known.
Dall's porpoise (Phocoenoides
dalli) are found from southern
California throughout the North
Pacific Ocean and Bering Sea to
Japan. They are incidentally
taken in a variety of gill-net fish-
eries and occasionally in trawl
fisheries. They constitute one of
the more frequent delphinid spe-
cies caught in coastal set nets and
driftnets, gill-net fisheries in
Puget Sound, and the midwater
Pacific whiting trawl fishery
(mostly between lat. 41%-46%)
off Oregon and Washington.
Pacific white-sided dolphins
(Lagenorhynchus obliquidens)
are found throughout the temper-
ate North Pacific Ocean from the
waters off Baja California to
Japan. They occur year-round off
California, Oregon, and Washing-
ton, frequenting the continental

form large schools in offshore wa-
ters, sometimes in association
with other dolphins (e.g., with
northern right whale dolphins).
Pacific white-sided dolphins are
incidentally taken in the midwa-
ter Pacific whiting trawl fishery
and California drift gill-net fish-
eries, and were commonly taken
in the experimental shark fishery
off the Oregon and Washington
coast in 1986-87.

The northern right whale dol-,
phin (Lissodelphis borealis) is the
only small odontocete in the
North Pacific Ocean without a
dorsal fin. Two subspecies have
been identified, based on color
pattern and dental formulas;
however, the evidence is equivo-
cal. There may be two or more
stocks along the California coast,
based on a hiatus in distribution.
A satisfactory evaluation of dis-
tinct stocks cannot be made be-
cause of the lack of information
on distribution. Northern right

shelf and slope. On occasion, they

whale dolphins are the most fre-
quently taken delphinid in off-
shore high seas driftnet fisheries.
Grampus or Risso’s dolphin
(Grampus griseus) are distrib-
uted worldwide in both tropical
and temperate seas. They are
common in the waters from Cali-
fornia to Washington over the
continental shelf, but their move-
ments and abundance are un-
known. There is no information
on stock differentiation.
Northern right whale dolphins
and Risso’s dolphins were also
frequently taken in the experi-
mental shark fishery. Pilot
whales (Globicephala macro-
rhynchus),, common dolphins
(Delphinus delphis), and bottle-
nose dolphins (Tursiops
truncatus) are also taken occa-
sionally in commercial fisheries.
Delphinue is common along
coastal and continental waters,
especially in the waters south of
Oregon. Tursiops are common in
in-shore waters of Baja California
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and in California. Pilot whales
are no longer common in south-
em California.

Seasonal fluctuations or shifts
in the distribution of populations
of delphinids have been noted, but
why and how their distribution
changes is unclear. It may be, for
example, that these highly mobile

Bottlenose dolphin

Risso’s dolphin
animals were significantly af-
fected by the El Nifio warm water
event of 1982-83, causing large
shifts in their prey. Sightings of
these animals in the past 20 years
were in waters north of lat. 50%
in spring and summer and lat.
35% in the fall, possibly north of
their historic distribution.

For further information

Braham, H. W. 1983. North-
em record of Risso’s dolphin,
Grampus griseus the north-
east Pacific. Can.
97(1):89-90.

Dohl, T. P., M. L. Bonnell, and
R. G. Ford. 1986. Distribution
and abundance of the common
dolphin, Delphinus delphis, in the
southern California Bight: A
quantitative assessmen t based on
aerial transect data. Fish. Bull.,
U.S. 84:333-343.

Leatherwood, S., R. R. Reeves,
W. F. Perrin, and W. E. Evans.
1982. Whales, dolphins, and por-
poisea in the eastern North Pa-
cific and adjacent Arctic waters.
U.S. Dep. Commer., NOAA Tech.
Rep. NMFS Circ. 444,245 p.

Smith, R. C., P. Dustin, D. Au,
K. S. Baker, and E. A. Dunlap.
1986. Distribution of cetaceans
and sea-surface chlorophyll con-
centrations in the California cur-
rent. Mar. Biol. 91:385-402.
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28. VAQUITA OR GULF OF CALIFORNIA
HARBOR PORPOISE

The vaquita (Phocoena sinus)
has one of the most limited distri-
butions of any marine mammal.
This small porpoise is believed to
inhabit only the northern regions
of the Gulf of California. Sparse
information about these elusive
animals has come from a small
number of incidental take& and
strandings. From these limited
specimens, females, which reach
a maximum length of 150 cm, ap-
pear to be larger than males,
which reach 140 cm. No other
sexual dimorphism has been
noted.

Reliable estimates of popula-
tion abundance do not exist for
the vaquita even though several
independent expeditions have
surveyed the northern Gulf of
California in recent years. Rough
minimum population estimates
are in the range of 50 to 100 indi-
viduals. It is assumed that life
history parameters of the vaquita
are similar to the harbor porpoise.
That is, female maturation prob-
ably occurs at 3-5 years of age,
mating takes place in late sum-
mer, calving occurs in spring to
early summer, lactation lasts for
approximately 8 months, and the
average Calvin-g interval is
greater than 1 year. The vaquita.
is probably a short-lived animal,
possibly 13- 15 years. Population
growth rates have been estimated
based on ranges of values for re-
production and mortality rates.
With a maximum growth rate less
than 10% per year, only a few new
individuals may be added to the.
population each year.

The vaquita is vulnerable to in-
cidental mortality in commercial
fishery operations in the Gulf of
California. Historically, this spe-
cies has been taken in the gill-net
fisheries for totoaba (Totoaba
macdonaldi) and for shark, and
in shrimp trawls. It has been es-
timated that the incidental kill
‘was in the range of tens to hun-
dreds of vaquita per year in the
early 1970s.

The Mexican government
closed the totoaba fishery in 1975
as a result of marked declines in
the totoaba stock(s). Totoaba
may still be in danger of extinc-
tion; however, fishermen in the
northern Gulf of California claim
that stock levels have recovered
and that this fishery should be
reopened. Two consecutive years
of experimental totoaba fishing
operations during the 1980s re-
sulted in the incidental take of 14
vaquita in gill nets near El Golfo

de Santa Clara, Sonora, Mexico.
From interviews with fishermen,
it is estimated that about 32
vaquita are killed each year.

For further information

Barlow, J. 1986. Factors af-
fecting the recovery of Phocoena
sinus, the vaquita or Gulf of Cal-
ifornia harbor porpoise.
NMFS/SWFC Admin. Report LJ-
86-37,19 p. Southwest Fisheries
Science Center, P. 0. Box 271, La
Jolla, CA 92038.

Brownell, R. L., Jr. 1988. The
vaquita: Can it survive? Dep. In-
terior, U.S. Fish. Wildl. Serv., En-
dangered Species Tech. Bull.
13(2):7-8.

Silber, G. K. 1990 Occurrence
and distribution of the vaquita
(Phocoena sinus) in the northern
Gulf of, California. Fish. Bull.,
U.S. 88:339-346.
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29. HARBOR PORPOISE

The harbor porpoise (Phocoena
phocoena) is a common inhabi-
tant of nearshore areas along the
Pacific west coast. In California,
they are found only north of Point
Conception and appear to be most
abundant near the mouths of
large rivers, harbors, and bays.
The harbor porpoise is one of the
smallest ‘cetaceans, reaching
maximum lengths of about 1.8 m
and maximum weights of about
90 kg. Adult females are slightly
larger than adult males. Harbor
porpoise may travel in groups of
up to 10 animals, although they
appear solitary when seen in the
wild. They' prey on cephalopods
and favor schooling nonspiny fish
like herring, smelt, mackerel, sar-
dines, pollock, and Pacific whit-
ing. Harbor porpoise are in turn
preyed upon by sharks and Killer
whales. Calves are born during
summer (May-July) after an Il
month gestation. Calving inter-
vals are approximately 2 years.
Annual surveys to monitor the
abundance of harbor porpoise
have been conducted by the Cali-
fornia Department of Fish and
Game and NMFS since 1984.
These surveys have shown that
the primary concentration is
along the west coast near and
around the mouth of the Colum-
bia River with secondary concen-
trations along the coast of Oregon
and Washington. The most re-
cent analysis indicates that there
are approximately 11,100 harbor
porpoise in California, including
the 3,274 animals that make up
the putative central California
stock. Using the data through
1989, the central California stock
is estimated to be 30-97% of its

carrying capacity. Total abun-
dance estimates for the Oregon
and-southern Washington coasts
are 5,215 (range 3,164 to 7,092)
and 7,961 (range 3,164 to
12,758), respectively. An esti-
mated 700-1,000 animals occur
along the northern Washington
coast. Harbor porpoise were once
common in Puget Sound but now
they are rare. There is no evi-
dence of population increase or
decrease along the west coast, and
analyses of existing data suggest
that a minimum of five additional
survey years would be needed to
detect a 5-10% annual change in
abundance.

The rate of incidental mortality
of harbor Porpoise in gill nets in
California from 1983 to 1988 was
estimated at 200-300 per year, all
from central California. Because
of recent restrictions on gill-net
fisheries along the California
coast, the current rate of mortal-
ity is estimated to be less than 100
per year. The total incidental
take of harbor porpoise in Oregon
and Washington is unknown. In
1988, over 100 harbor porpoises
were killed incidental to the
Makah Tribal salmon setnet fish-

cry along the outer north shores
of Washington. Because of re-
duced fishing effort, the take was
only 23 in 1989, 13 in 1990, and
16 in 1991.

For further information

Barlow, J. 1988. Harbor por-
poise, Phocoena phocoena, abun-
dance estimation for California,
Oregon, and Washington: I. Ship
surveys. Fish. Bull., U.S. 86:417-
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Barlow, J., C. W. Oliver, T. D.
Jackson, and B. L. Taylor. 1988.
Harbor porpoise, Phocoena pho-
coena, abundance estimation for
California, Oregon,-and Washing-
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Bull.,, U.S. 86:433-444.

Forney, K. A., D. A. Hanan, and
J. Barlow. 1991. Detecting
trends in harbor porpoise abun-
dance from aerial surveys using
analysis of covariance. Fish.
Bull., U.S. 89:367-377.

Kajimura, H. (editor). In press.
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interactions with Makah salmon
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30. CALIFORNIA SEA LION

The California sea lion
(Zalophus californianus) is found
from the Tres Marias Islands,
Mexico, to British Columbia.
Pupping and mating take place
mainly on the Channel Islands,
California, and on islands off the
Pacific coast of Baja California
from late May to late July. The
pups are weaned from the age of
8 months to a year or more. Re-
searchers are uncertain about the
age at sexual maturity, but it is
thought that females are sexually
mature at 3 years, while males
reach sexual maturity at 4-5years
of age. Adult males can weigh
over 400 kg and reach 2.6 m in
length. Females weigh about 91
kg and reach 1.8 m in length.

California sea lions on rooker-
ies in U.S. waters are assumed to
comprise a single stock. In 1986,
there were approximately 17,800
California sea lion pups counted
on U.S. rookeries, which repre-
sent about 21,000 live births.
This suggests that the total popu-
lation in the United States is ap-
proximately 87,000 animals. The
current growth rate of the popu-
lation of 6.4% is assumed to have
been equal to its rate of growth
just prior to the 1982-83 El Nino
warm water event (which caused
a temporary reduction in the pop-
ulation). Although the pre-
exploitation population size is
unknown, recent studies indicate
that its abundance may he higher
than any historical level.

Food habit studies indicate that
California sea lions take a variety
of prey. They also have learned
that fish caught in a net or hooked
on a line are easy prey. Their
main diet consists of Pacific whit-
ing, rockfish, anchovies, mack-

erel, walleye pollock, dogfish
sharks, market squid, and octo-
pus. During the 1982-83 EIl Nino
warm water event, pelagic red
crabs were found to be a major
source of food for sea lions in Cal-
ifornia.

The California sea lion is the
best known and most often seen
of the west coast pinnipeds. In
recent years, they have gained no-
toriety for taking over portions of
marinas in Monterey Bay and San
Francisco Bay, and are threaten-
ing the viability of a native run of
steelhead trout (Oncorhynchus
mykiss) near the Hiram M.
Chittenden Locks in Seattle,
Washington. California sea lions
are reported to consume tons of
valuable fish, to destroy fishing
gear, and to interfere with fishing
operations. Fishermen and some
resource managers, faced with in-
creasing fishery interactions, be-
lieve that sea lion populations
have grown to a point where nui-

sance animals should be elimi-
nated. It has been estimated that
approximately 2,000-4,000 Cali-
fornia sea lions are killed annu-
ally incidental to gill-net fishing
operations in California.

For further information

Boveng, P. 1988. Status of the
California sea lion population on
the U.S. west  coast.
NMFS/SWFC Admin. Rep. LJ-
88-07,27 p. Southwest Fisheries
Science Center, P. 0. Box 271, La
Jolla, CA 92038.

Gearin, P. C., R. Pfeifer, S. J.
Jeffries, R. L. DeLong, and M. A.
Johnson. 1988. Results of the
1986-87 California sea lion-steel-
heed trout predation control pro-
gram at the Hiram M. Chittenden
Locks. NWAFC Processed Rep.
88-30, 111 p. Alaska Fisheries
Science Center, NMFS, 7600
Sand Point Way NE, Seattle, WA
98115.

Pup Counts (Thousands of Seals)

California Sea Lion
Channel Islands, California

20

10

o]

E! Nino Impect, 1983

64

Marine Mammals



31. NORTHERN SEA LION

The northern sea lion (Eu-
metopias jubatus), aso known as
Steller's sea lion, is endemic to the
North Pacific Ocean. Its range is
from California to the Kuril Is-
lands, U.S.S.R., and north to lat.
63°N in the Bering Sea. About 50
breeding rookeries occur through-
out the species range except in
Washington. Sea lions exhibit
strong site fidelity, and many dis-
perse widely after reproduction;
but they do not migrate. Pupping
peaks in mid-June, and lactation
lasts 3 months to over 1 year.
Sexual maturity occurs at age 4-6
years in females; gestation lasts 9
months after 3 months of delayed
implantation. Adult males are
territorial and the mating system
is polygynous.

In Alaska, northern sea lions
feed on Pacific salmon, squid, her-
ring, groundfish (such as walleye
pollock), and other tin-fish spe-
cies. Summer feeding trips by
lactating females extend out to at
least 20 nautical miles (nmi); in
winter they may forage out to sev-
eral hundred miles. Their feeding
behavior off the Pacific Coast is
not well understood.

The northern sea lion popula-
tion was first noticed to be declin-
ing in 1976. Since the late 1960s
the species has declined by about
70%, principally in Alaska. From
the Gulf of Alaska to the Aleutian
Islands, the northern sea lion pop-
ulation declined from 67,617
counted in 1985 to 29,804 in 1990
-- a decrease of 56% in just 4 years.
The greatest decline since the
1960s has been in the eastern Al-
eutian Islands (94% decline), the
former center of abundance for
the species. During the 1980s, all
areas of the species’ range de-

clined except Southeast Alaska
and Oregon; in California, they
have been gradually declining
since the 1950s. Present abun-
dance in Washington, Oregon,
and California is about 5,000.
Northern sea lions are the most
frequent marine mammal taken
in trawl fisheries in Alaska. The
reported take in 1990 was less
than 50. Incidental take in for-
eign trawl fisheries and joint ven-
ture walleye pollock roe fisheries
in the early 1980s may have con-
tributed to the sea lion's decline.
The impact of incidental take on
northern sea lions in Washington,
Oregon and California is minor.
It is unclear why the decline in
northern sea lions has occurred
and whether it is directly or indi-
rectly related to commercial fish-
ing activities, disease, or from
some unknown natural environ-
mental factors. Other factors
such as redistribution, predation,
native subsistence, and entangle-
ment in nets and debris appar-
ently are not significant in the
decline. Intentional shooting

may have been an important
source of mortality at various
times or in some areas in Alaska.

In 1990 the northern sea lion
was listed as a threatened species
under the ESA. Since then, fed-
eral action has been taken to re-
strict certain commercial fishing
activities near sea lion breeding
sites and habitat potentially im-
portant for feeding across much
of the southern Bering Sea and
Gulf of Alaska. No specific areas
along the west coast are currently
proposed for additional protec-
tion; however, Oregon has im-
posed limits on some commercial
fishing around Oregon sea lion
rookeries.

For further information

Merrick, R., T. Laughlin, and D.
Calkins. 1987. Decline in abun-
dance of the northern sea lion,
Eumetopias jubcitus, in Alaska,
1956-86. Fish. Bull., U.S. 85:351-
365.
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32. NORTHERN FUR SEAL

The northern fur seal
(Callorhinus usinus) is a mono-
typic genus ranging across the
subarctic waters of the North Pa-
cific Ocean from the Sea of Japan,
Okhotsk Sea, Bering Sea, and
temperate continental United
States. Breeding populations are
found on Robben Island (Okhotsk
Sea); several Kuril Islands (south
of Kamchatka); on the Com-
mander, Pribilof (St. Paul and St.
George Islands), and Bogoslof Is-
lands (all in the Bering Sea); and
on San Miguel Island, California.

Northern fur seals are found
throughout their range in the
eastern North Pacific Ocean in
nearly all months of the year with
periods of peak abundance vary-

ing by time and area. Many im-
mature seals of both sexes remain
at sea during the first year or two
of life and do not return to their
island of birth until ages 2 or 3
years. Most fur seals spend about
half the year at sea (November
through May-June) and the re-
mainder (July-October) on and
around their home islands during
the breeding season. Fur seals
are most frequently seen from
about 70 to 130 km from land and
usually in greatest numbers along
the continental shelf and slope
throughout their range primarily
because of abundant food re-
sources in this area. The south-
em extent of the migratory range
in the eastern North Pacific

Ocean is to about lat. 32% (Cali-
fomia-Mexico boundary) and in
the western North Pacific Ocean
to about lat. 36% (off Honshu
Island, Japan).

Older males (10-15years) from
the Pribilof Islands winter farther
north in the North Pacific Ocean
than younger males and females.
Females and young males appear
along the continental shelf during
their southbound migration from
about lat. 57° to 46°N in late No-
vember and off California (lat.
40° to 38°N) in late December. In
January-April, major concentra-
tions occur between California
and British Columbia. The north-
ward migration begins by March;
some seals follow the continental
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shelf north, then travel west
through the Gulf of Alaska and
into the Bering Sea through
passes in the eastern Aleutian Is-
lands. Fur seals from San Miguel
Island, California move north
after the mating season and ap-
parently intermingle with their
northern counterparts to feed in
the eastern North Pacific.

The estimated total number of
northern fur seals in the North
Pacific Ocean in 1983 was 1.2 mil-
hon. The population on the Prib-
ilof and Bogoslof Islands in 1988
was 871,000; this level is signifi-
cantly less than observed in the
1950s when the population had
reached its highest population
size this century. The current
population size on San Miguel Is-
land is approximately 6,000. It
increased steadily beginning in
the late 1960s, when the island
was recolonized, until 1981. Be-
tween 1982 and 1984 the popula-
tion on San Miguel Island
declined approximately 60% (as
measured by pup production),
most likely a result of increased
mortality of adults and juveniles

at sea after the breeding season,
and starvation of prematurely
weaned pups. The 1982-83 El
Nino warm water event was re-
sponsible for the decline on San
Miguel Island primarily by affect-
ing the distribution of prey. Pup
production has since returned to
its pre-El Nino levels.

Northern fur seals are taken
incidentally in the foreign high-
seas gill-net fisheries for squid
and salmon. In 1989,208 primar-
ily juvenile northern fur seals
were taken (52 dead, 128 alive, 28
lost) in 1,402 observed net re-
trievals (about 4-10% of the fish-
ing operations). Northern fur
seals are also occasionally taken
in domestic trawl and other net
fisheries. In 1990, only two
northern fur seals were reported
taken alive in trawl nets in the
domestic groundfish fisheries in
Alaska, and none were observed
taken in 1989. The take in Wash-
ington, Oregon, and California is
unknown but was probably negli-
gible.

For further information

Fowler, C. W. 1990. Density
dependence in northern fur seals
(Callorhinus ursinus). Mar.
Mam. Sci. 6:171-195.

Gentry, R. L., and G. L. Kooy-
man (editors). 1986. Fur seals:
Maternal strategies on land and
at sea. Princeton, NJ, Princeton
Univ. Press, 291 p.

National Marine Mammal Lab-
oratory. 1990. A conservation
plan for northern fur seals,
Callorhinus ursinus. Unpubl.
manuscr., 61 p. (Available from
the Office of Protected Resources,
National Marine Fisheries Ser-
vice, NOAA, 1335 East-West
Highway, Silver Spring, MD
20910.)

York, A. E. 1987. Northern fur
seal, Callorhinus ursinus,
eastern Pacific population (Pribi-
lof Islands, Alaska, and San Mi-
guel Island, California), p. 9-21.
In J. P. Croxall, and R. L. Gentry
(editors), Status, biology and ecol-
ogy of fur seals. U. S. Dep. Com-
mer., NOAA Tech. Rep. NMFS
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33. HARBOR SEAL

The Pacific harbor seal (Phoca
vitulina richardsi) occurs
throughout the eastern North Pa-
cific Ocean from the outer coast
of Baja California (about as far
south as Cedros Island) north to
the eastern Bering Sea, Alaska.
In the continental United States,
three stocks are recognized for
management purposes: 1) inland
waters of Washington state, 2)
outer coast of Washington and
Oregon, and 3) California. Adult
males reach lengths of 1.62 m and
weigh about 113 kg. Adult fe-
males are slightly smaller. The
coloration pattern of adults is
quite variable, but all have dark
spots on light pelage or light spots
on dark.

The breeding season (mating
and pupping) varies with latitude
along the coast, occurring in
March-April on the Channel Is-
lands of Southern California, and
later with an increase in latitude.
In Puget Sound, pups are born
from August to October in the
south end of the Sound, whereas
in the north end of the Sound,
pups are born in July and August.
In Hood Canal, pupping extends
from August to December.

Pups are born at approximately
82 cm in length and weigh about
10 kg. They are weaned at 4 to 6
weeks and weigh about 24 kg.
Adult females ovulate and mate
at the end of weaning with a 2-
month delayed implantation.
Sexual maturity occurs at 3-4
years of age for females and 5
years for males. Their diet con-
sists of fish and cephalopods, and
in particular, flounder, herring,
tomcod, Pacific whiting, squid,
and lamprey.

The harbor seal population
along the west coast appears to be

increasing. Concurrently, the
number of haul-out sites occupied
has also increased. The 1990
mainland California count was
15,865 seals, and a count at the
eight Channel Islands was 2,808
seals. Combining these counts
produces a minimum population
estimate for the California stock
of 18,673. This is thought to be a
minimum population size esti-
mate because an unknown frac-
tion of the population is not
hauled out during a census. The
estimated abundance of harbor
seals in Oregon is 7,500-10,000
and in Washington 16,000- 17,000
based on pup counts in 1989.
Harbor seals in Washington have
been increasing at 7% per year
since 1983.

From recent analysis, there is
no firm evidence to suggest that
the stock in California is above its
maximum net productivity level
(MNPL). The counts since 1982
show no significant trend, but the
occurrence of the 1982-83 El Nino
warm water event and the possi-
bility that incidental fishery mor-
tality has increased may have

affected the population dynamics
of the California stock. It is likely
that the survival and reproduc-
tion of harbor seals were altered
during the EI Nino event and that
some of the effects persisted for
several years after 1983. In addi-
tion, the gill-net fishery effort has
increased substantially in Califor-
nia since the late 1970s.

For further information

Boveng, P. 1988. Status of the
Pacific harbor seal population on
the U.S. west coast.
NMFS/SWFC Admin. Rep. LJ-
88-06,43 p. Southwest Fisheries
Science Center, P. 0. Box 271, La
Jolla, CA 92038.

Harvey, J. T., R. F. Brown, and
B. R. Mate 1990. Abundance
and distribution of harbor seals
(Phoca vitulina) in Oregon, 1975-
1983. Northwest Nat. 71:65-71.

Yochem, P. K., B. S. Stewart, R.
L. DeLong, and D. P. DeMaster.
1987. Diel haul-out patterns and
site fidelity of harbor seals (Phoca
vitulina richardsi) on San Miguel
Island, California, in autumn.
Mar. Mam. Sci. 3:323-332.
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34. NORTHERN ELEPHANT SEAL

The northern elephant seal
(Mirounga angustirostris) is the
largest pinniped in the Northern
Hemisphere. Adult males reach
lengths of greater than 4.5 m and
weigh on average about 1,800-
2,000 kg. Females reach lengths
of 3.4 m and weigh about 907 kg.
The male develops a large, bul-
bous, trunklike snout, from which
it gets its common name. Breed-
ing colonies are found on San Mi-
guel Island, Santa Barbara
Island, San Nicolas Island, Ano
Nuevo Island, the South Farallon
Islands, several areas along the
coast of California, and on islands
off the Pacific side of Baja Califor-
nia. The pupping and mating sea-
son is from December through
March. The harems consist of
one male to 8-40 females. Gesta-
tion lasts about 9 months in addi-
tion to delayed implantation of
about 2 months. Pups are
weaned by 4 weeks, but remain on
the rookery for another 8-10
weeks, sleeping during the day
and gradually beginning to enter
the water at night. Departure
from the rookery by the pup oc-
curs at approximately 3 months
of age. Females can begin to mate
by 2 years of age, whereas males
reach sexual maturity at age 5.
Most young males (5+ years) are
prevented from mating by larger,
older bulls until the younger seals
are at least 8-9 years old; maxi-
mum age is probably about age 14
for males and 18-20 for females.
Experiments using time-depth
recorders show that during two
feeding trips each year adult male
elephant seals can dive up to an

hour at a time to a maximum
depth of 1,500 m. During the 2-5
months at sea, adults dive contin-
uously and remain on the surface
to rest for only 4 minutes between
dives. Male elephant seals range
from California to the Gulf of
Alaska and the eastern Aleutian
Islands, a distance of at least
4,700 km, twice each year. Adult
females forage over deep waters
westward along the North Pacific
transition zone located between
40° and 45°N twice each year for
about 2.5 and 7 months. The
adult males and females are,
therefore, segregated at sea.
Stomach content analyses indi-
cate that just before returning to
the California Channel Island, el-
ephant seals feed on squid, small
sharks, rays, ratfish, rockfish,
and Pacific whiting. They proba-
bly feed on squid and mesopelagic
fish while at sea.

The exploitation and subse-
quent recovery of the northern
elephant seal population is one of
the great success stories of a spe-
cies near extinction. Biologists
estimate that only 100-500 ele-
phant seals were left on Guada-
lupe Island, Baja California at the
low end of their abundance this
century before protective legisla-
tion was passed. The entire cur-
rent population may have
originated from this small group
of animals. Based on pup counts,’
the current U.S. population now
exceeds 60,000 animals. The ap-
parent grow rate since 1980 has
been about 9% annually. Annual
surveys indicate that this species
has reoccupied most or all of its

historical rookeries and hauling
grounds. Using data through
1986, the population appears to
be near its MNPL.

Elephant seals have been inci-
dentally taken in both driftnet
and setnet fisheries. In the early
1980s, it was estimated that 25
animals per year were taken in
southern California. Preliminary
data suggest a higher level of le-
thal entanglement is occurring
than previously estimated, but
the total is still likely to be less
than 200 animals per year.

For further information
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